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Abstract
Background: $KLJKLQWDNHRIRPHJDQORQJFKDLQSRO\XQVDWXUDWHGIDWW\DFLGV
/&38)$VZKLFK DUH SRWHQWLDO SHUR[LVRPHSUROLIHUDWRUDFWLYDWHG UHFHSWRU 33$5
DJRQLVWVKDVEHHQDVVRFLDWHGZLWKSURSRVHGIDYRXUDEOHHIIHFWV UHODWHG WRSUHYHQWLRQ
DQGWUHDWPHQWRIFRURQDU\KHDUWGLVHDVH7KHQ/&38)$VHLFRVDSHQWDHQRLF(3$
DQGGRFRVDKH[DHQRLF'+$DFLGVDUHSRRUO\R[LGL]DEOHDQGUHVHPEOHWKHHIIHFWVRI
WKHPRGLILHGIDWW\DFLGDQGSDQ33$5DJRQLVWWHWUDGHF\OWKLRDFHWLFDFLG77$PDLQO\
WKURXJK33$5DFWLYDWLRQ
Aims: $LPVZHUHWRLQYHVWLJDWHWKHGLHWDU\LQWDNHRIQ/&38)$VDQGULVNRIIXWXUH
FRURQDU\ HYHQWV LQ SDWLHQWVZLWK FRURQDU\ DUWHU\ GLVHDVH &$' DQG DOVR WR WU\ DQG
HOXFLGDWHWKHPHFKDQLVWLFHIIHFWVRI33$5DFWLYDWLRQXVLQJDURGHQWPRGHO
Subjects and Methods: 7KHKXPDQVWXGLHVZHUHVXEVWXGLHVRISDUWLFLSDQWVIURPWKH
:HVWHUQ 1RUZD\ %9LWDPLQ ,QWHUYHQWLRQ 7ULDO ZKR FRPSOHWHG D IRRG IUHTXHQF\
TXHVWLRQQDLUH DW EDVHOLQH IURP ZKLFK GDLO\ LQWDNH RI Q /&38)$V >(3$
GRFRVDSHQWDHQRLF DFLG '3$ DQG '+$@ ZDV HVWLPDWHG EDVHG RQ GLHW DQG
VXSSOHPHQWV $ YDULHW\ RI EORRG PDUNHUV ZHUH DOVR PHDVXUHG 7KH DVVRFLDWLRQ
EHWZHHQ LQWDNH RI Q /&38)$V DQG VXEVHTXHQW ULVN RI FRURQDU\ HYHQWV ZDV
LQYHVWLJDWHGLQWZRSDSHUV,QPaper 1LQFOXGLQJSDWLHQWVWKHPDLQHQGSRLQWZDV
DFRPSRVLWHRIFRURQDU\HYHQWV$FXWHP\RFDUGLDOLQIDUFWLRQ$0,ZDVWKHRXWFRPH
LQPaper 2 LQFOXGLQJ  SDWLHQWV ZKR ZHUH VXEJURXSHG DV KDYLQJ QR GLDEHWHV
>JO\FRV\ODWHG KDHPRJORELQ +E$F @ SUHGLDEHWHV +E$F  RU
GLDEHWHV SUHYLRXV GLDEHWHV IDVWLQJ EDVHOLQH VHUXP JOXFRVH  RU QRQIDVWLQJ
JOXFRVHPPRO/$QDQLPDOVWXG\ZDVXVHGWRLQYHVWLJDWHWKHORQJWHUPHIIHFWV
RI WKH SDQ33$5 DJRQLVW 77$ DQGRU KLJKGRVH ILVK RLO )2 RQ FDUGLDF IDWW\ DFLG
)$ FRPSRVLWLRQ DQG OLSLG PHWDEROLVP Paper 3 0DOH :LVWDU UDWV ZHUH JLYHQ
GLIIHUHQW GLHWV FRQWDLQLQJ  ZY IDW FRQWURO GLHW 77$ GLHW )2 GLHW RU GLHW
FRQWDLQLQJERWK77$DQG)2

Results: 5LVN RI H[SHULHQFLQJ DQ HQGSRLQW ZDV HYDOXDWHG E\ &R[ UHJUHVVLRQ RYHU
TXDUWLOHVPaper 1RUWHUWLOHVPaper 20HDQ6'Q/&38)$LQWDNHZDV
DQGJGD\LQTXDUWLOHVDQG
DQGJGD\LQWHUWLOHVUHVSHFWLYHO\7KHUHZDVQRRYHUDOO
DVVRFLDWLRQ EHWZHHQ GLHWDU\ Q /&38)$ LQWDNH DQG FRURQDU\ HYHQWV LQ WKH WRWDO
KXPDQ FRKRUW Paper 1+RZHYHU D SRVW KRF DGGLWLYHSURSRUWLRQDOKD]DUGVPRGHO
GHPRQVWUDWHG D VOLJKWO\ LQFUHDVHG ULVN RI FRURQDU\ HYHQWV LQ SDUWLFLSDQWV KDYLQJ DQ
LQWDNHRIQ/&38)$VaPJGD\$PRQJSDWLHQWVGLDJQRVHGZLWKGLDEHWHVWKHUH
ZDVDVLJQLILFDQWO\UHGXFHGULVNRI$0,LQWKRVHZLWKDKLJKQ/&38)$LQWDNHDQG
WKHUH ZDV DOVR D GRVHUHVSRQVH UHODWLRQ DFURVV Q /&38)$ WHUWLOHV Paper 2 ,Q
FRQWUDVWDPRQJQRQGLDEHWLFSDWLHQWVZLWK+E$FDKLJKQ/&38)$LQWDNH
WHQGHGWREHDVVRFLDWHGZLWKDQLQFUHDVHGULVNRI$0,ZKLFKZDVVLJQLILFDQWIRUIDWDO
$0, DQG DVVRFLDWHGZLWK ORZHU+E$F7KHPDLQ OLPLWDWLRQVRI WKHKXPDQ VWXGLHV
ZHUH WKHLU REVHUYDWLRQDO GHVLJQ DQG D OLPLWHG HYHQW UDWH SDUWLFXODUO\ LQ WKH QRQ
GLDEHWLF JURXS ,Q WKH UDWPRGHO Paper 3 D ORQJWHUPGLHW FRQWDLQLQJ77$RU)2
LQGXFHGDQLQFUHDVHLQFDUGLDFQ/&38)$FRPSRVLWLRQ6HYHUDORWKHUFDUGLDF)$V
HQ]\PHV DQG JHQHV ZHUH DOVR FKDQJHG IROORZLQJ 77$ DQGRU )2 WUHDWPHQW
LQGLFDWLQJLQFUHDVHGFDUGLDF)$R[LGDWLRQ
Conclusions: 1R ULVN UHGXFWLRQ RI FRURQDU\ HYHQWV RUPRUWDOLW\ZDV REVHUYHGZLWK
KLJKLQWDNHVRIQ/&38)$VLQWKHWRWDOSRSXODWLRQRISDWLHQWVZLWK&$'+RZHYHU
DKLJKLQWDNHRIQ/&38)$VZDVDVVRFLDWHGZLWKDUHGXFHGULVNRI$0,LQGLDEHWLF
SDWLHQWVEXWZLWKDQ LQFUHDVHGULVNRI IDWDO$0, LQ WKRVHZLWKRXWGLDEHWHVZKRKDG
+E$F/RQJWHUPWUHDWPHQWZLWKWKHSDQ33$5DJRQLVW77$ZKLFKKDVLWV
PDLQHIIHFWRQ33$5ĮRUKLJKGRVH)2KDYLQJHIIHFWVRQERWK33$5ĮDQG33$5Ȗ
LQGXFHGPDUNHGFKDQJHVRQFDUGLDF)$PHWDEROLVP
Consequences: )XUWKHUVWXGLHVVKRXOGLQYHVWLJDWHZKHWKHUSDWLHQWVZLWKGLDEHWHVPD\
EHQHILWIURPKDYLQJDKLJKLQWDNHRIQ/&38)$VDQGZKHWKHUFHUWDLQSDWLHQWVZLWK
QRUPDO JOXFRVH WROHUDQFH PD\ EH FDUHIXO ZLWK D YHU\ KLJK LQWDNH RI WKHVH )$V
%HFDXVH H[FHVV33$5VWLPXODWLRQE\)$VRWKHU WKDQQ/&38)$VPD\DIIHFW WKH
 
FDUGLDF Q /&38)$ FRPSRVLWLRQ WKH XQGHUO\LQJ PHFKDQLVPV VKRXOG EH IXUWKHU
HYDOXDWHG

Abbreviations
$&(   $QJLRWHQVLQFRQYHUWLQJHQ]\PH
$&2;  )DWW\DF\O&R$R[LGDVH
$&6   $FXWHFRURQDU\V\QGURPH
$/$   ĮOLQROHQLFDFLG
$0,   $FXWHP\RFDUGLDOLQIDUFWLRQ
$1&29$  $QDO\VLVRIFRYDULDQFH
$129$  $QDO\VLVRIYDULDQFH
$SR$,  $SROLSRSURWHLQ$,
$SR$,,  $SROLSRSURWHLQ$,,
$SR%  $SROLSRSURWHLQ%
$SR&,,,  $SROLSRSURWHLQ&,,,
$SR(  $SROLSRSURWHLQ(
$5$   $UDFKLGRQLFDFLG
$7*/  $GLSRVHWULJO\FHULGHOLSDVH
&$%*  &RURQDU\DUWHU\E\SDVVJUDIWVXUJHU\
&$&7  &DUQLWLQHDF\OFDUQLWLQHWUDQVORFDVH
&$'   &RURQDU\DUWHU\GLVHDVH
&+'   &RURQDU\KHDUWGLVHDVH
&,   &RQILGHQFHLQWHUYDO
&R$   &RHQ]\PH$
&2;   &\FORR[\JHQDVH
F3/$  &\WRVROLFSKRVSKROLSDVH$
&37   &DUQLWLQHSDOPLWR\OWUDQVIHUDVH
&5$7  &DUQLWLQHDFHW\OWUDQVIHUDVH
&9'   &DUGLRYDVFXODUGLVHDVH
&<3   &\WRFKURPH3
'+$   'RFRVDKH[DHQRLFDFLG
 
'3$   'RFRVDSHQWDHQRLFDFLGQ
H*)5  (VWLPDWHGJORPHUXODUILOWUDWLRQUDWH
(3$   (LFRVDSHQWDHQRLFDFLG
(5.   ([WUDFHOOXODUVLJQDOUHJXODWHGNLQDVHV
)$   )DWW\DFLG
)$%3  )DWW\DFLGELQGLQJSURWHLQ
)$0(  )DWW\DFLGPHWK\OHVWHU
)$6   )DWW\DFLGV\QWKDVH
))4   )RRGIUHTXHQF\TXHVWLRQQDLUH
)2   )LVKRLO
*$0   *HQHUDOL]HGDGGLWLYHPRGHO
*&   *DVOLTXLGFKURPDWRJUDSK\
*3$7  *O\FHUROSKRVSKDWHDF\OWUDQVIHUDVH
+E$F  *O\FRV\ODWHGKDHPRJORELQ
+'/   +LJKGHQVLW\OLSRSURWHLQ
+1)Į  +HSDWRF\WHQXFOHDUIDFWRUĮ
+5   +D]DUGUDWLR
,'/   ,QWHUPHGLDWHGHQVLW\OLSRSURWHLQ
/$   /LQROHLFDFLG
/&0606  /LTXLGFKURPDWRJUDSK\WDQGHPPDVVVSHFWURPHWU\
/&38)$  /RQJFKDLQSRO\XQVDWXUDWHGIDWW\DFLG
/'/   /RZGHQVLW\OLSRSURWHLQ
/2;   /LSR[\JHQDVH
/3/   /LSRSURWHLQOLSDVH
/7$   /HXNRWULHQH$
/7$   /HXNRWULHQH$
/9()  /HIWYHQWULFXODUHMHFWLRQIUDFWLRQ
/;5   /LYHU;UHFHSWRU
0$   0HDGDFLG
0$/',72)06 0DWUL[DVVLVWHGODVHUGHVRUSWLRQLRQL]DWLRQWLPHRIIOLJKWPDVV

VSHFWURPHWU\
08)$  0RQRXQVDWXUDWHGIDWW\DFLGV
Q   2PHJD
1)Ƹ%  1XFOHDUIDFWRUNDSSDOLJKWFKDLQHQKDQFHURIDFWLYDWHG%FHOOV
3&,   3HUFXWDQHRXVFRURQDU\LQWHUYHQWLRQ
3*&Į  3HUR[LVRPHSUROLIHUDWRUDFWLYDWHGUHFHSWRUȖFRDFWLYDWRU
3*,   3URVWDF\FOLQ
3*,   3URVWDJODQGLQ,
33$5  3HUR[LVRPHSUROLIHUDWRUDFWLYDWHGUHFHSWRU
335(  3HUR[LVRPHSUROLIHUDWRUUHVSRQVHHOHPHQW
38)$  3RO\XQVDWXUDWHGIDWW\DFLGV
T3&5  5HDOWLPHSRO\PHUDVHFKDLQUHDFWLRQ
5;5   cisUHWLQRLFDFLGUHFHSWRU
6'   6WDQGDUGGHYLDWLRQ
6)$   6DWXUDWHGIDWW\DFLGV
65(%3F  6WHUROUHJXODWRU\HOHPHQWELQGLQJSURWHLQF
6WDWLQV  K\GUR[\PHWK\OJOXWDU\OFRHQ]\PH$&R$UHGXFWDVH
LQKLELWRUV
7&$   7ULFDUER[\OLFDFLG
7(   7RWDOHQHUJ\
7*   7ULJO\FHULGH
77$   7HWUDGHF\OWKLRDFHWLFDFLG
7;$   7KURPER[DQH$
7;$  7KURPER[DQH$
8&3   8QFRXSOLQJSURWHLQ
9/'/  9HU\ORZGHQVLW\OLSRSURWHLQ
:(1%,7  :HVWHUQ1RUZD\%9LWDPLQ,QWHUYHQWLRQ7ULDO
 
List of publications
Paper 1
0DQJHU066WUDQG((EELQJ06HLIHUW55HIVXP+1RUGUHKDXJ-(1LOVHQ':
'UHYRQ&$7HOO*6%OHLH9ROOVHW6(3HGHUVHQ(51\JnUG2'LHWDU\
LQWDNH RI Q ORQJFKDLQ SRO\XQVDWXUDWHG IDWW\ DFLGV DQG FRURQDU\ HYHQWV LQ
1RUZHJLDQSDWLHQWVZLWKFRURQDU\DUWHU\GLVHDVHAm J Clin Nutr-XO
Paper 2
6WUDQG(3HGHUVHQ(56YLQJHQ*)76FKDUWXP+DQVHQ+5HEQRUG(:%M¡UQGDO%
6HLIHUW5%RKRY30H\HU.+LOWXQHQ-.1RUGUHKDXJ-(1LOVHQ':7%HUJH5.
1\JnUG2 'LHWDU\ LQWDNH RI Q ORQJFKDLQ SRO\XQVDWXUDWHG IDWW\ DFLGV DQG
ULVN RI P\RFDUGLDO LQIDUFWLRQ LQ FRURQDU\ DUWHU\ GLVHDVH SDWLHQWV ZLWK RU ZLWKRXW
GLDEHWHVPHOOLWXV0DQXVFULSWVXEPLWWHG
Paper 3
6WUDQG(%M¡UQGDO%1\JnUG2%XUUL/%HUJH&%RKRY3&KULVWHQVHQ%-%HUJH
.:HUJHGDKO+9LVWH$%HUJH5./RQJWHUPWUHDWPHQWZLWKWKHSDQ33$5
DJRQLVW WHWUDGHF\OWKLRDFHWLF DFLG RU ILVK RLO LV DVVRFLDWHG ZLWK LQFUHDVHG FDUGLDF
FRQWHQWRIQIDWW\DFLGVLQUDWLipids Health Dis-XQ




Contents
SCIENTIFIC ENVIRONMENT......................................................................................................... 2 
ACKNOWLEDGEMENTS ................................................................................................................. 3 
ABSTRACT .......................................................................................................................................... 5 
ABBREVIATIONS .............................................................................................................................. 8 
LIST OF PUBLICATIONS ............................................................................................................... 11 
CONTENTS ........................................................................................................................................ 12 
1. INTRODUCTION ................................................................................................................... 15 
 &2521$5<+($57',6($6( 
 ',$%(7(60(//,786 
 3$7+:$<6$))(&7('%<',(7$5<)$77<$&,'6 
1.3.1 Peroxisome proliferator activated receptors .............................................................. 19 
1.3.2 PPAR agonists ............................................................................................................ 21 
 0(7$%2/,60$1'+($57',6($6( 
1.4.1 Fatty acid metabolism ................................................................................................ 24 
1.4.2 Triglycerides and cardiovascular disease .................................................................. 26 
1.4.3 Omega-3 fatty acids and cardiovascular disease ....................................................... 27 
1.4.4 Omega-3 fatty acids and diabetes mellitus ................................................................. 28 
2. AIMS OF STUDY .................................................................................................................... 30 
 29(5$//$,0 
 63(&,),&$,06 
3. SUBJECTS AND METHODS ................................................................................................ 31 
 +80$1678',(6 
 
3.1.1 Study population .........................................................................................................31 
3.1.2 Dietary assessment ......................................................................................................34 
3.1.3 Assessment of clinical data .........................................................................................35 
3.1.4 Assessment of laboratory data ....................................................................................35 
3.1.5 Endpoints and follow-up .............................................................................................36 
3.1.6 Statistical analyses ......................................................................................................37 
 $1,0$/678'< 
3.2.1 Study design and sampling..........................................................................................41 
3.2.2 Tissue analyses ............................................................................................................43 
3.2.3 Statistical analyses ......................................................................................................44 
 0(7+2'2/2*,&$/&216,'(5$7,216 
3.3.1 Human studies .............................................................................................................45 
3.3.2 Animal study ...............................................................................................................48 
4. MAIN RESULTS ......................................................................................................................49 
 3$3(5 
 3$3(5 
 3$3(5 
5. DISCUSSION ............................................................................................................................56 
 ',(7$5<,17$.(2)20(*$)$77<$&,'6$1'&2521$5<(9(176 
 68**(67('0(&+$1,606 
5.2.1 Changes in fatty acid metabolism ...............................................................................60 
5.2.2 Diet-induced effects on fatty acid composition ...........................................................61 
5.2.3 Mechanisms in relation to dietary omega-3 effects in humans ...................................63 
6. CONCLUSIONS .......................................................................................................................67 

7. FUTURE PERSPECTIVES .................................................................................................... 68 
SOURCE OF DATA .......................................................................................................................... 71 
PUBLICATIONS ............................................................................................................................... 86 
 
1. Introduction
1.1 Coronary heart disease
&RURQDU\KHDUWGLVHDVH&+'UHPDLQVDPDMRUGHDWKFDXVHEDVHGRQUHSRUWVIURPWKH
$PHULFDQ +HDUW $VVRFLDWLRQ >@ $OWKRXJK PRUWDOLW\ UDWHV IRU &+' DQG DFXWH
P\RFDUGLDOLQIDUFWLRQ$0,KDYHGHFOLQHGGXULQJWKHSDVWWKUHHGHFDGHVDVUHSRUWHG
WKURXJK ³7KH &RPSUHVVHG0RUWDOLW\ GDWDEDVH´ FRQWDLQLQJPRUWDOLW\ DQG SRSXODWLRQ
FRXQWV IRU DOO 86 FRXQWLHV KWWSZRQGHUFGFJRYPRUW64/KWPO WKH RYHUZHLJKW
DQG REHVLW\ HSLGHPLF LV LQFUHDVLQJ >@ 2EHVLW\ LV RQH RI WKH FRPSRQHQWV RI WKH
PHWDEROLF V\QGURPH >@ZKLFK LV GHILQHG E\KDYLQJDPLQLPXPRI WKUHHRXWRI WKH
IROORZLQJULVN IDFWRUVDEGRPLQDOREHVLW\ LPSDLUHGIDVWLQJJOXFRVHHOHYDWHGIDVWLQJ
WULJO\FHULGHV 7*V GHFUHDVHG KLJK GHQVLW\ OLSRSURWHLQ +'/ FKROHVWHURO RU
K\SHUWHQVLRQ>@
(VWDEOLVKHG &+' WKHUDS\ LQFOXGHV K\GUR[\PHWK\OJOXWDU\O FRHQ]\PH $ &R$
UHGXFWDVH LQKLELWRUV VWDWLQV DFHW\OVDOLF\OLF DFLG ȕEORFNHUV DQG DQJLRWHQVLQ
FRQYHUWLQJHQ]\PH$&(LQKLELWRUV>@6WDWLQVDUHHVWDEOLVKHGDVILUVWOLQHWUHDWPHQW
RI K\SHUOLSLGHPLD >@ DQG WKLV PHGLFDWLRQ UHGXFHV FKROHVWHURO ELRV\QWKHVLV E\
LQKLELWLQJLWVUDWHOLPLWLQJHQ]\PHZKLFKVXEVHTXHQWO\OHDGVWRDQLQFUHDVHLQQXPEHU
RIKHSDWLFORZGHQVLW\OLSRSURWHLQ/'/UHFHSWRUVDQGWKHUHE\UHGXFHVWKHFLUFXODWLQJ
OHYHOVRI/'/DQGYHU\ORZGHQVLW\OLSRSURWHLQ9/'/WKURXJKLQFUHDVHGFDWDEROLVP
>@(IIHFWVDUHQRWRQO\RQSODVPD/'/FKROHVWHUROEXWSODVPD7*VDUHDOVRUHGXFHG
ZKLOHSODVPD+'/FKROHVWHUROLVLQFUHDVHG6HYHUDOSOHLRWURSLFSURSHUWLHVKDYHEHHQ
UHSRUWHG IROORZLQJ VWDWLQ WUHDWPHQW LQFOXGLQJ DQWLLQIODPPDWRU\ YDVRGLODWRU\ DQG
DQWLSODWHOHW HIIHFWV >@ &OLQLFDOO\ VWDWLQ WKHUDS\ OHDGV WR D PRGHUDWH GHFUHDVH LQ
FDUGLRYDVFXODU PRUWDOLW\ EXW D VLJQLILFDQW DQG PRUH SURQRXQFHG GHFUHDVH LQ
FDUGLRYDVFXODU PRUELGLW\ ZLWK WKH ODUJHVW EHQHILW EHLQJ VXJJHVWHG DPRQJ
LQWHUPHGLDWHKLJKULVN SDWLHQWV >@ 'LHWDU\ LQWDNHV RI RPHJD Q ORQJFKDLQ

SRO\XQVDWXUDWHGIDWW\DFLGV /&38)$VKDYHEHHQDVVRFLDWHGZLWKDUHGXFHGULVNRI
&+'PRUWDOLW\DQGDUHFXUUHQWO\UHFRPPHQGHGE\WKH$PHULFDQ+HDUW$VVRFLDWLRQLQ
VHFRQGDU\SUHYHQWLRQDPRQJ&+'SDWLHQWV>@+RZHYHUWKH(XURSHDQ6RFLHW\
RI &DUGLRORJ\ JXLGHOLQHV GR QRW LPSOHPHQW Q /&38)$ VXSSOHPHQWV DV URXWLQH
WUHDWPHQWDPRQJ$0,SDWLHQWVZLWK67VHJPHQWHOHYDWLRQ>@7KHUHLVDFRQWLQXRXV
VHDUFKIRUQHZGUXJVRUGLHWDU\IDFWRUVIRULPSURYHPHQWRIOLSLGPHWDEROLVPDQGPRVW
LPSRUWDQWO\ IRUSUHYHQWLRQRIFOLQLFDOHYHQWV/LIHVW\OHKDELWV OLNHVPRNLQJSK\VLFDO
LQDFWLYLW\ DQG SRRU QXWULWLRQDO VWDWXV DUH LPSRUWDQW IDFWRUV WR EH FRQVLGHUHG LQ WKLV
FRQWH[W 7KHVH JHQHUDO ULVN IDFWRUV FDQ IXUWKHU FXOPLQDWH LQWR FRQGLWLRQV OLNH
G\VOLSLGHPLDRYHUZHLJKWREHVLW\PHWDEROLFV\QGURPHDQGGLDEHWHVPHOOLWXVWKDWDUH
PDMRUULVNIDFWRUVIRUGHYHORSPHQWRIFDUGLRYDVFXODUGLVHDVHV&9'LQFOXGLQJ&+'
1.2 Diabetes mellitus
'LDEHWHVPHOOLWXVLVDKLJKSUHYDOHQWGLVHDVHZRUOGZLGHZKHUHRIWRWDOFDVHV
DUHFODVVLILHGDVW\SHGLDEHWHV>@7KLVPHWDEROLFGLVRUGHUGHYHORSVDVDUHVXOWRI
DQLQWHUDFWLRQEHWZHHQVHYHUDOIDFWRUV>@VRPHEDVHGRQJHQHWLFSUHGLVSRVLWLRQDQG
VRPH HQYLURQPHQWDOO\ GHSHQGHQW$OWRJHWKHU SRRU QXWULWLRQ DQGGHFUHDVHG SK\VLFDO
DFWLYLW\ LQFUHDVH WKH SUHYDOHQFH RI OLIHVW\OH GLVRUGHUV ZKLFK PLJKW UHVXOW LQ
GHYHORSPHQWRIW\SHGLDEHWHVPHOOLWXV8QGHUKHDOWK\FRQGLWLRQVWKHUHLVDIHHGEDFN
PHFKDQLVPZKLFKVLJQDOVWKHSDQFUHDWLFȕFHOOVIRULQVXOLQVHFUHWLRQZKHQHYHUQHHGHG
>@'XULQJLQVXOLQUHVLVWDQFHWKLVPHFKDQLVPPLJKWEHGLVWXUEHGDQGOHDGWRȕFHOO
G\VIXQFWLRQ ZKLFK FRXOG UHVXOW LQ GLDEHWHV GHYHORSPHQW $ GLVWXUEHG EDODQFH LQ
DGLSRVHWLVVXHDVVHHQLQREHVHSDWLHQWVDQGLQWKRVHZLWKLPSDLUHGJOXFRVHWROHUDQFH
LQFUHDVHVWKHDPRXQWRISODVPDQRQHVWHULILHGIDWW\DFLGV)$V
,QDGGLWLRQWRWKLVLQFUHDVHLQOHYHOVRIQRQHVWHULILHG)$VVHYHUDOPHWDEROLFSDWKZD\V
DUHDIIHFWHGLQSDWLHQWVZLWKGLDEHWHVOHDGLQJWRK\SHUJO\FHPLDDQGVXVWDLQHGLQVXOLQ
UHVLVWDQFH>@7KHVHFRQGLWLRQVIXUWKHUDIIHFWPROHFXODUPHFKDQLVPVZKLFKOHDGWR
YDVFXODU G\VIXQFWLRQ LQFOXGLQJ LQFUHDVHG R[LGDWLYH VWUHVV DQG LPEDODQFH LQ
 
LQWUDFHOOXODUVLJQDOLQJ&RPPRQPDFURYDVFXODUFRQVHTXHQFHVLQFOXGHDWKHURVFOHURVLV
DQGPHGLDOFDOFLILFDWLRQZKLOHUHWLQRSDWK\DQGQHSKURSDWK\DUHDPRQJPLFURYDVFXODU
PDQLIHVWDWLRQV
3UHVHQW UHFRPPHQGDWLRQV RQPDQDJHPHQW RI W\SH  GLDEHWHV LQFOXGH WKH IROORZLQJ
>@LQGLYLGXDOJXLGDQFHLQWHUPVRIGLHWDU\DGYLFHDQGSODVPDJOXFRVHPRQLWRULQJ
UHJXODU PRQLWRULQJ RI EORRG SUHVVXUH DQG ZKHQ DSSURSULDWH WUHDWPHQW RI
K\SHUWHQVLRQFRQWURODQGPDQDJHPHQWRIJO\FRV\ODWHGKDHPRJORELQ+E$FOHYHOV
DVVHVVPHQW DQG PDQDJHPHQW RI FDUGLRYDVFXODU ULVN IDFWRUV PRQLWRULQJ SDUDPHWHUV
UHOHYDQW IRUNLGQH\ IXQFWLRQ UHJXODU VFUHHQLQJRIH\HVDQG WKHQHUYRXVV\VWHPDQG
PDQDJHPHQWRIIRRWSUREOHPV
7KHGLVHDVHSULPDULO\DIIHFWVFDUGLRYDVFXODUKHDOWK>@DQGFKDQFHRIH[SHULHQFLQJ
DQ$0,DQGDOVRRIDPRUHVHYHUHRXWFRPHLVLQFUHDVHGLQWKHVHSDWLHQWVFRPSDUHGWR
QRQGLDEHWLF SDWLHQWV >@ 7KXV WUHDWPHQW DQG SUHYHQWLRQ RI GLDEHWHV VKRXOG EH D
SULRULW\EHLQJDPDMRUULVNIDFWRUIRU&9'DQGPRUWDOLW\>@
1.3 Pathways affected by dietary fatty acids
6HYHUDO PROHFXODU SDWKZD\V DUH LQYROYHG LQ GLHWDU\ )$ VLJQDOLQJ DQG UHJXODWLRQ
RFFXUV DWPXOWLSOH OHYHOV LQFOXGLQJ FHOO VXUIDFH UHFHSWRU VLJQDOLQJ HJ )$GHULYHG
SURVWDJODQGLQV ELQG WR *SURWHLQ FRXSOHG UHFHSWRUV UHFHSWRUPHGLDWHG SDWKZD\V
UHTXLULQJ)$DF\ODWLRQ HJ*SURWHLQRas DQGSrc NLQDVH LQWHUPHGLDWH VLJQDOLQJ
HJ WKURXJKSKRVSKROLSDVH&DQGSURWHLQNLQDVH&DQGQXFOHDU UHFHSWRUVLJQDOLQJ
>HJWKURXJKSHUR[LVRPHSUROLIHUDWRUDFWLYDWHGUHFHSWRUV33$5V@>@
7KH ELRORJLFDO HIIHFWV RI SRO\XQVDWXUDWHG)$V 38)$V DUH H[HUWHG WKURXJK VHYHUDO
PHFKDQLVPV LQFOXGLQJ WKHLU UHOHDVH E\ F\WRVROLF SKRVSKROLSDVH$ F3/$ IXUWKHU
EHLQJPHWDEROL]HGLQWRHLFRVDQRLGVSURVWDJODQGLQVWKURPER[DQHVDQGOHXFRWULHQHV
E\ WKH DFWLRQ RI F\FORR[\JHQDVHV &2; DQG OLSR[\JHQDVHV /2; :KLOH
DUDFKLGRQLFDFLG$5$LVWKHSUHFXUVRURIWKHVHULHVSURVWDQRLGV>HJSURVWDF\FOLQ

3*, DQG WKURPER[DQH $ 7;$@ DQG OHXNRWULHQH $ /7$ (3$ LV WKH
SUHFXUVRURI WKHVHULHVSURVWDQRLGV >HJSURVWDJODQGLQ , 3*,DQG WKURPER[DQH
$7;$@DQGOHXNRWULHQH$/7$Q38)$VFDQDOVRDIIHFWWKHSURGXFWLRQRI
WKHDQWLLQIODPPDWRU\UHVROYLQVWKURXJKVHSDUDWHSDWKZD\VLQYROYLQJ&2;/2;DQG
F\WRFKURPH3&<3>@)XUWKHUPRUH IUHH)$VFDQH[HUWGLUHFWHIIHFWVRQLRQ
FKDQQHOV DQG DOWHU WKH 1D FXUUHQW DQG &D IOXFWXDWLRQ 0HPEUDQH SKRVSKROLSLG
FRPSRVLWLRQ DIIHFWV ERWK PHPEUDQH IOXLGLW\ DQG PHPEUDQHDVVRFLDWHG SURWHLQ
VLJQDOOLQJ (IIHFWV RQ LPSRUWDQW SDWKZD\V WKURXJK QXFOHDU IDFWRU NDSSDOLJKWFKDLQ
HQKDQFHU RI DFWLYDWHG % FHOOV 1)Ƹ% DQG H[WUDFHOOXODU VLJQDOUHJXODWHG NLQDVHV
(5.DFWLYDWHGWKURXJKRasUHJXODWHJHQHWUDQVFULSWLRQ


Figure 1. Pathways affected by dietary polyunsaturated fatty acids. $EEUHYLDWLRQV $5$
$UDFKLGRQLF DFLG&2;&\FORR[\JHQDVH F3/$&\WRVROLF SKRVSKROLSDVH$&<3&\WRFKURPH
3 (5. ([WUDFHOOXODU VLJQDOUHJXODWHG NLQDVHV )$%3 )DWW\ DFLG ELQGLQJ SURWHLQ +1)
+HSDWRF\WHQXFOHDU IDFWRU/2;/LSR[\JHQDVH/7$/HXNRWULHQH$/7$/HXNRWULHQH$
/;5/LYHU; UHFHSWRU Q38)$QSRO\XQVDWXUDWHG IDWW\DFLGV1)Ƹ%1XFOHDUIDFWRUNDSSD
OLJKWFKDLQHQKDQFHU RI DFWLYDWHG % FHOOV 3*, 3URVWDF\FOLQ 3*, 3URVWDJODQGLQ , 33$5V
3HUR[LVRPH SUROLIHUDWRUDFWLYDWHG UHFHSWRUV 5;5 cis UHWLQRLF DFLG UHFHSWRU 65(%3F 6WHURO
UHJXODWRU\HOHPHQWELQGLQJSURWHLQF7;$7KURPER[DQH$7;$7KURPER[DQH$
 
5HOHDVH RI )$V LQWR WKH FHOO DQG WKHLU DVVRFLDWLRQ ZLWK IDWW\ DFLG ELQGLQJ SURWHLQ
)$%3FDQ UHJXODWH LPSRUWDQW WUDQVFULSWLRQ IDFWRUV OLNH33$5VKHSDWRF\WHQXFOHDU
IDFWRU  +1) cis UHWLQRLF DFLG UHFHSWRU 5;5 OLYHU ; UHFHSWRU /;5 DQG
VWHUROUHJXODWRU\HOHPHQWELQGLQJSURWHLQF65(%3FFigure 1>@
,Q WKHIROORZLQJVHFWLRQVIRFXVZLOOEHRQWKH33$5PHGLDWHGSDWKZD\VZKLFKDUH
FRQVLGHUHGWREHPRVWUHOHYDQWIRUWKLVWKHVLV
1.3.1 Peroxisome proliferator activated receptors 
33$5V DUH PHPEHUV RI WKH QXFOHDU KRUPRQH UHFHSWRU IDPLO\ FRQVLVWLQJ RI WKUHH
VXEW\SHVĮȖDQGȕįZLWKGLVWLQFWDQGRYHUODSSLQJH[SUHVVLRQSDWWHUQV>@7KHVH
UHFHSWRUV DUH OLJDQGDFWLYDWHG WUDQVFULSWLRQ IDFWRUVZKLFK KHWHURGLPHUL]HZLWK5;5
EHIRUH WDUJHWLQJ SHUR[LVRPH SUROLIHUDWRUUHVSRQVH HOHPHQWV 335(V RQ '1$ DQG
WKHUHE\ UHJXODWH WUDQVFULSWLRQ RI VHYHUDO WDUJHW JHQHV ZKLFK ILQDOO\ DIIHFW OLSLG
PHWDEROLVP JOXFRVH KRPHRVWDVLV DQG FHOO GLIIHUHQWLDWLRQ >@ 7KH UHVXOW RI
DFWLYDWLRQGHSHQGVRQ33$5WLVVXHGLVWULEXWLRQOLJDQGVDQGSUHVHQFHRIFRDFWLYDWRUV
DQGUHSUHVVRUV1DWXUDOOLJDQGVRI33$5LQFOXGHERWKVDWXUDWHGDQGXQVDWXUDWHGQRQ
HVWHULILHG)$V>@33$5VKDYHEHHQGHVLJQDWHGZLWKWKHUROHDVFHQWUDOUHJXODWRUVRI
LQWHUDFWLRQVEHWZHHQJHQHVDQGGLHW>@DQGKDYHEHFRPHSKDUPDFHXWLFDOWDUJHWVIRU
WUHDWPHQWRIFRQGLWLRQVUHODWHGWRG\VOLSLGHPLD
33$5Į DFWLYDWLRQ WDUJHWV VHYHUDO JHQHV FRQQHFWHG WRJOXFRVH DQG OLSLGPHWDEROLVP
LQFOXGLQJ)$XSWDNHWUDQVSRUWDQGR[LGDWLRQDQGLWVH[SUHVVLRQLVHVSHFLDOO\KLJK
LQOLYHUKHDUWDQGNLGQH\>@,WLVDOVRLQYROYHGLQHPEU\RQLFGHYHORSPHQW>@DQG
DPLQR DFLG PHWDEROLVP >@ 5RGHQWV VXFK DV PLFH DQG UDWV EHORQJ WR WKH
SUROLIHUDWLQJVSHFLHVPHDQLQJWKDW33$5ĮDFWLYDWLRQFDXVHVSHUR[LVRPHSUROLIHUDWLRQ
LQOLYHU>@7KHVRFDOOHGQRQSUROLIHUDWLQJVSHFLHVOLNHJXLQHDSLJVSLJVPRQNH\V
DVZHOODVKXPDQVKDYHDORZHU33$5ĮH[SUHVVLRQLQOLYHU>@,QWKHKHDUW33$5Į
VHHPVWREHWKHSULPDU\WUDQVFULSWLRQUHJXODWRURIHQ]\PHVLQYROYHGLQ)$R[LGDWLRQ
DQG LV WKXV LPSRUWDQW IRU FDUGLDF PHWDEROLVP >@ 33$5Į RSHUDWHV WRJHWKHU ZLWK
33$5Ȗ FRDFWLYDWRU 3*&Į >@ ,Q DGGLWLRQ WR EHLQJ H[SUHVVHG LQ YDVFXODU

HQGRWKHOLDO FHOOVPRQRF\WHVPDFURSKDJHV DQG VPRRWKPXVFOH FHOOV 33$5Į LV DOVR
H[SUHVVHG LQ LQIODPPDWRU\ FHOOV UHODWHG WR DWKHURVFOHURVLV >@ 7KH KHDOWK\ KHDUW
JHQHUDWHVPRVWRILWVHQHUJ\DV$73WKURXJK)$FDWDEROLVP>@7KXVDFRQWLQXRXV
)$VXSSO\WRWKHKHDUWLVLPSRUWDQWWRVXVWDLQWKHFRQWUDFWLOHDFWLYLW\DVWKLVWLVVXHFDQ
VWRUH DQG V\QWKHVL]H )$V RQO\ WR D OLPLWHG H[WHQW >@ ([FHVV 33$5Į VWLPXODWLRQ
PD\KRZHYHU KDYHGHWULPHQWDO HIIHFWV >@ LQFOXGLQJVXEVWUDWHRYHUORDGRI)$V LQ
WKHWLVVXHVZKLFKLVDOVRDVVRFLDWHGZLWKFRQGLWLRQVOLNHREHVLW\DQGLQVXOLQUHVLVWDQFH
>@ 0\RFDUGLDO G\VIXQFWLRQ FRXOG KHUHE\ EH WKH UHVXOW RI DQ REHVLW\DVVRFLDWHG
UHGXFHG JOXFRVH DQG LQFUHDVHG )$ XWLOL]DWLRQ LQ KHDUW >@ :KHUHDV KHSDWLF
33$5Į DFWLYLW\ LVPDLQO\ UHJXODWHG E\ HQGRJHQRXV)$V FDUGLDF33$5Į DFWLYLW\ LV
UHJXODWHGE\H[RJHQRXVIDWW\DFLGV/LSRO\VLVIURPFHOOXODU7*VLVQHFHVVDU\WRHQDEOH
H[RJHQRXV)$VDVSRWHQWFDUGLDF33$5OLJDQGVWKURXJKDGLSRVH7*OLSDVH$7*/
,I$7*/IXQFWLRQLVLPSDLUHG)$VZLOOEHVWRUHGLQWKHIRUPRI7*VLQVWHDGRIEHLQJ
R[LGL]HGDQGOHDGWRLQFUHDVHGOHYHOVRIFDUGLDFQHXWUDOOLSLGV>@7KLVPLJKWIXUWKHU
DIIHFWPLWRFKRQGULDO IXQFWLRQ WKURXJKDOWHUHGSURWHLQSKRVSKRU\ODWLRQDQG LQFUHDVHG
OHYHOV RI F\WRWR[LF LQWHUPHGLDWH SURGXFWV RI ȕR[LGDWLRQ ZKLFK FRXOG OHDG WR
PLWRSKDJ\FRQWUROOHGGHJUDGDWLRQRIPLWRFKRQGULDRUDSRSWRVLV>@
33$5Ȗ LV KLJKO\ H[SUHVVHG LQ DGLSRVH WLVVXH DQG LV LQYROYHG LQ DGLSRF\WH
GLIIHUHQWLDWLRQDQGOLSLGVWRUDJH>@$FWLYDWLRQDOVRFRQWULEXWHVWRLPSURYHGLQVXOLQ
VHQVLWLYLW\>@DQGDQWLLQIODPPDWRU\SURSHUWLHV>@7KLVVXEW\SHKDVEHHQGHWHFWHG
LQFDUGLRP\RF\WHVLQVHYHUDOVSHFLHV>@EXWSUREDEO\KROGVDQLQGLUHFWPRGXODWRU\
UROHRQFDUGLDF)$PHWDEROLVP >@38)$VGRPRUHSUHIHUHQWLDOO\ELQG WR33$5Ȗ
WKDQ WR33$5Į'HVSLWH WKLV WKH\DUHQRWYHU\SRWHQW33$5ȖDFWLYDWRUV>@2WKHU
HQGRJHQRXV33$5ȖDJRQLVWVDUHHLFRVDQRLGVDQGFRPSRQHQWVRIR[LGL]HG/'/>@
6\QWKHWLF 33$5Ȗ DJRQLVWV OLNH WKLD]ROLGLQHGLRQHV DQG JOLWD]RQHV DUH XVHG LQ
WUHDWPHQWRISDWLHQWVZLWKW\SHGLDEHWHV>@
&RPSDUHG WR 33$5Į DQG 33$5Ȗ 33$5ȕį LV PRUH XELTXLWRXVO\ H[SUHVVHG >@
([SUHVVLRQ LVSDUWLFXODUO\SURQRXQFHG LQ WKH LQWHVWLQHFRPSDUHG WRRWKHU WLVVXHV ,Q
URGHQWV WKLV 33$5 VXEW\SH LV H[SUHVVHG SUHGRPLQDQWO\ LQ FDUGLRP\RF\WHV >@
 
6WLPXODWHG ȕR[LGDWLRQ DQG UHYHUVH FKROHVWHURO WUDQVSRUW DUH DPRQJ WKH SURFHVVHV
DIIHFWHGE\DFWLYDWLQJWKLVUHFHSWRU>@$PRQJ33$5ȕįQDWXUDOOLJDQGVDUH&
VDWXUDWHG )$V 6)$V VRPH 38)$V SURVWDF\FOLQV DQG )$V GHULYHG IURP 9/'/V
>@7KHUH DUH DOVR VHYHUDO V\QWKHWLF OLJDQGVZLWKSUHIHUHQFH WR33$5ȕį >@EXW
QRQHDUHDWSUHVHQWLQFOLQLFDOXVH>@
33$5 DJRQLVWV UHOHYDQW IRU WKLV WKHVLV ZKLFK DUH PDLQO\ DVVRFLDWHG ZLWK 33$5Į
DFWLYDWLRQZLOOEHGLVFXVVHGLQWKHVHFWLRQVWRIROORZ
1.3.2 PPAR agonists 
Polyunsaturated fatty acids 
/LQROHLFDFLG/$QDQGĮOLQROHQLFDFLG$/$QDUHHVVHQWLDO)$VLQ
WKH PDPPDOLDQ GLHW XQDEOH WR EH HQGRJHQRXVO\ V\QWKHVL]HG >@ 'LHWDU\ VRXUFHV
ZKLFK DUH ULFK LQ /$ DUH FRUQ RLO VXQIORZHU RLO DQG VDIIORZHU RLO ZKLOH $/$ LV
DEXQGDQWLQIOD[VHHGVDQGIOD[VHHGRLODVZHOODVVRPHRWKHURLOVDQGQXWV>@)LVK
DQGILVKRLO )2LVULFKLQ WKHQ/&38)$VHLFRVDSHQWDHQRLFDFLG(3$Q
DQGGRFRVDKH[DHQRLFDFLG'+$QZKLFKDUHSRRUO\R[LGL]DEOH>@&XUUHQW
GLHWDU\UHFRPPHQGDWLRQVDUHWRLQFUHDVHLQWDNHRIQ38)$VDQGUHGXFHLQWDNHRIQ
38)$VVLQFH&+'PRUWDOLW\KDVEHHQVKRZQWREHSURSRUWLRQDOWRWLVVXHQ38)$
FRPSRVLWLRQ>@7KHDGYHUVHHIIHFWVUHVXOWLQJIURPDKLJKLQWDNHRIQ38)$VDUH
UHODWHG WR DQ LQFUHDVH LQ Q HLFRVDQRLG DFWLRQ LQYROYHG LQ GHYHORSLQJ YDVFXODU
LQIODPPDWLRQWKURPERVLVDQGDUUK\WKPLD
38)$VDUHQDWXUDOOLJDQGVIRUDOO33$5V>@DQGWKH\DOVRDIIHFWDGGLWLRQDOQXFOHDU
UHFHSWRUVWKDWPRGXODWH7*OHYHOVLQFOXGLQJ+1)Į>@$VIRU33$5Ȗ38)$VDUH
QRW YHU\ VWURQJ 33$5Į DFWLYDWRUV EXW HLFRVDQRLGV DQG R[LGL]HG )$V ZKLFK DUH
PHWDEROLWHVRI38)$VDUHPRUHSRWHQWDFWLYDWRUV>@7KH7*ORZHULQJHIIHFWVRI
38)$V HVSHFLDOO\Q38)$VDUHDWWULEXWHG WR33$5DFWLYDWLRQDQG LQFUHDVHG)$
R[LGDWLRQGRZQUHJXODWHG+1)ĮDQG LQGXFHGJO\FRJHQV\QWKHVLV DQGVXSSUHVVLRQ
RI KHSDWLF OLSRJHQHVLV E\ LQKLELWLRQ RI 65(%3F >@ $OWRJHWKHU WKHVH HIIHFWV

UHGXFH7*VWRUDJHDQGLQFUHDVHR[LGDWLRQRI)$V,QDGGLWLRQQ38)$VKDYHEHHQ
VKRZQ WR UHGXFH9/'/VHFUHWLRQ WKURXJKGHJUDGDWLRQRIDSROLSRSURWHLQ% $SR%
>@DVZHOODVLPSURYLQJFK\ORPLFURQFOHDUDQFH>@
Fibrates 
)LEUDWHV DUH D JURXS RI VSHFLILF 33$5Į WDUJHWHG GUXJV EHLQJ XWLOL]HG LQ WUHDWLQJ
G\VOLSLGHPLDGXULQJWKHSDVWIRXUGHFDGHVGXHWRWKHLU7*UHGXFLQJHIIHFWV>@7*
ORZHULQJ LV SUREDEO\ REWDLQHG WKURXJK D 33$5Į DFWLYDWHG LQFUHDVH LQ 9/'/ DQG
FK\ORPLFURQ 7* K\GURO\VLV )LEUDWHV DOVR ORZHU FLUFXODWLQJ QRQHVWHULILHG )$V
LQFUHDVH+'/FKROHVWHURO DQGPRGHVWO\ ORZHU/'/FKROHVWHURO OHYHOV7KH\ LQGXFH
WUDQVFULSWLRQRIJHQHVQHFHVVDU\IRU)$FHOOXODUXSWDNHDQGKDYHDOVREHHQVXJJHVWHG
WRUHGXFHYDVFXODULQIODPPDWLRQ>@7KHLUFOLQLFDOJDLQKRZHYHUVWLOOUHPDLQVWREH
GHPRQVWUDWHG>@DQGWKHLUURXWLQHXVHLQFRPELQHGK\SHUOLSLGHPLDKDVUHFHQWO\
EHHQTXHVWLRQHG >@(YHQ WKRXJKRYHUDOO XVHRI ILEUDWHV LQ WUHDWPHQWRI&9'KDV
IDLOHG WR GHPRQVWUDWH DGGLWLRQDO EHQHILWV FRPSDUHG WR FRQYHQWLRQDO VWDWLQ WUHDWPHQW
VRPH HIIHFWV KDYH EHHQ VKRZQ LQ VXEJURXSV OLNH GLDEHWHV SDWLHQWV %HQHILWV RI
WUHDWPHQW XVLQJ WKH ILEUDWH JHPILEUR]LO ZHUH PRUH SURQRXQFHG LQ LQVXOLQ UHVLVWDQW
SDWLHQWVZLWK D ODUJHU UHGXFWLRQ LQ FDUGLRYDVFXODU HYHQWV FRPSDUHG WR WKRVHZLWKRXW
LQVXOLQ UHVLVWDQFH >@ ,Q D VWXG\ RQ SDWLHQWV ZLWK W\SH  GLDEHWHV IHQRILEUDWH
WUHDWPHQWOHDGWRUHGXFHGDQJLRJUDSKLFSURJUHVVLRQRIDWKHURVFOHURVLV>@
1RWDEO\WUHDWPHQWZLWKILEUDWHVKDVQHYHUEHHQDVVRFLDWHGZLWKUHGXFHGLQFLGHQFHRI
&9' GHDWK 7KXV H[FHVV 33$5Į DFWLYDWLRQ PD\ EH DVVRFLDWHG ZLWK XQIDYRUDEOH
PHWDEROLF HIIHFWV WKDW PD\ FRXQWHUDFW LWV DSSDUHQW EHQHILFLDO HIIHFWV RQ OLSLG
PHWDEROLVPDQGLQIODPPDWLRQ,QWKH)HQRILEUDWH,QWHUYHQWLRQDQG(YHQW/RZHULQJLQ
'LDEHWHV ),(/' WULDO IHQRILEUDWH WUHDWPHQW ZDV DVVRFLDWHG ZLWK UHGXFHG ULVN RI
QRQIDWDO$0, DQG FRURQDU\ UHYDVFXODUL]DWLRQ >@+RZHYHU SODVPDKRPRF\VWHLQH
ZDV LQFUHDVHG IROORZLQJ IHQRILEUDWH WUHDWPHQW (OHYDWHG KRPRF\VWHLQH KDV EHHQ
FRQVLGHUHGDVDELRPDUNHURILQFUHDVHG&9'ULVN>@DQGDSRVWKRFVXEVWXG\EDVHG
RQWKH),(/'WULDOLQYHVWLJDWLQJWKLVHIIHFWGHPRQVWUDWHGWKDWLQFUHDVHGKRPRF\VWHLQH
OHYHOV ZHUH GLUHFWO\ DVVRFLDWHG ZLWK OHYHOV RI DSROLSRSURWHLQ $,, $SR $,, LQ
 
IHQRILEUDWH DOORFDWHG SDWLHQWV >@ 7KH UROH RI $SR $,, LV QRW FRPSOHWHO\
FKDUDFWHUL]HG EXW LW VHHPV WR EH LQYROYHG LQ7*PHWDEROLVPDQGKDV UHFHQWO\EHHQ
DVVRFLDWHGZLWKDSROLSRSURWHLQ($SR(OLQNHGULVNIRULQFLGHQW&9'>@
Tetradecylthioacetic acid 
7HWUDGHF\OWKLRDFHWLFDFLG 77$ LVDQ6)$DQDORJXHZLWKFDUERQDWRPVDQGRQH
VXOSKXUDWRPDWSRVLWLRQWKUHHIURPWKHFDUER[\OHQGFigure 2EHORQJLQJWRDJURXS
RI VXOSKXUVXEVWLWXWHG )$V WKLD )$V ZLWK SDQ33$5 DFWLYDWLRQ SURSHUWLHV >@
7KLVPRGLILHG)$LVDPLWRFKRQGULDOWDUJHWHGFRPSRXQGZLWKSURSHUWLHVVLPLODUWRQ
38)$V DQG DQ HVSHFLDOO\ SURQRXQFHG DIILQLW\ WR 33$5Į VLPLODU WR ILEUDWHV ,Q
DGGLWLRQ 77$ KDV D PRGHUDWH DIILQLW\ WR 33$5ȕį DQG D ZHDN DIILQLW\ WR 33$5Ȗ
>@ 'XH WR WKH SUHVHQFH RI D VXOSKXU DWRP 77$ LV XQDEOH WR XQGHUJR ȕ
R[LGDWLRQ7KLVPRGLILHG)$LVNQRZQWRUHGXFHSODVPD7*VSUREDEO\GXHWRKHSDWLF
SUROLIHUDWLRQ RI PLWRFKRQGULD DQG DQ LQFUHDVHG ȕR[LGDWLRQ RI )$V WKURXJK 33$5
GHSHQGHQWPHFKDQLVPV >@$OVR IHHGLQJLQGXFHGREHVLW\ LV SUHYHQWHGDQG LQVXOLQ
VHQVLWLYLW\ LPSURYHG LQ K\SHUOLSLGHPLF PRGHOV IROORZLQJ 77$ DGPLQLVWUDWLRQ >@
77$KDVHIIHFWVWKDWDUHVLPLODUWRILEUDWHVLQW\SHGLDEHWLFSDWLHQWVDVGHPRQVWUDWHG
WKURXJK DQ RSHQODEHO VWXG\ ZKHUH SDUWLFLSDQWV UHFHLYHG  J 77$ GDLO\ IRU IRXU
ZHHNVUHVXOWLQJLQUHGXFHGVHUXP/'/FKROHVWHURO>@
Figure 2. Structure of tetradecylthioacetic acid (TTA).

1.4 Metabolism and heart disease
1.4.1 Fatty acid metabolism 
)$VGHVWLQHGIRUWKHKHDUWPDLQO\FRPHVIURPDOEXPLQERXQGDGLSRVHWLVVXHGHULYHG
QRQHVWHULILHG )$V RU IURP 7* FRPSRQHQWV RI 9/'/ RU FK\ORPLFURQV >@ 7*
FRPSRQHQWVDUHK\GURO\VHGLQWRQRQHVWHULILHG)$VE\OLSRSURWHLQOLSDVH/3/)$V
DUHWKHSULPDU\HQHUJ\VXEVWUDWHIRUWKHKHDUWZKLFKDUHGHOLYHUHGWRFDUGLRP\RF\WHV
YLD D WKUHH SURWHLQPHGLDWHGPHFKDQLVP FOXVWHU RI GLIIHUHQWLDWLRQ  )$ WUDQVSRUW
SURWHLQDQG)$ELQGLQJSURWHLQSODVPDPHPEUDQH>@DQGDF\O&R$HVWHUVDUH
IRUPHGIROORZLQJFHOOHQWU\E\DF\O&R$V\QWKHWDVHVSURFHVVHVZKLFKDUHUHJXODWHG
E\33$5V>@(VWHULILHG)$VDUHGHVWLQHGWRYDULRXVIDWHVLQFRUSRUDWLRQLQWR7*RU
SODVPDPHPEUDQHSKRVSKROLSLGVIROORZLQJHORQJDWLRQDQGGHVDWXUDWLRQFRPSOHWH)$
FDWDEROLVP DQGHQHUJ\SURGXFWLRQ RU FRQYHUVLRQ WRGHULYDWLYHV OLNH HLFRVDQRLGVYLD
WKH&2;RU/2;SDWKZD\V>@7KHHVVHQWLDO)$V/$DQG$/$DUHWKHSUHFXUVRUV
IRU ORQJHU FKDLQ Q DQG Q 38)$V ZKLFK DUH LPSRUWDQW FRQVWLWXHQWV RI FHOO
PHPEUDQHV>@
Fatty acid synthesis 
(QGRJHQRXV )$V DUH V\QWKHVL]HG WKURXJK D VHULHV RI VWHSV LQYROYLQJ HORQJDVHV DQG
GHVDWXUDVHVFigure 3>@ǻGHVDWXUDVHLVLQYROYHGLQWKHFRQYHUVLRQRI6)$VLQWR
PRQRXQVDWXUDWHG)$V 08)$V LQWURGXFLQJDGRXEOHERQGDW WKHSRVLWLRQRI
)$V7KHPHPEUDQHERXQGǻDQGǻGHVDWXUDVHVLQWURGXFHDGGLWLRQDOGRXEOHERQGV
LQ Q Q DQG Q 38)$V >@ $V Q DQG Q 38)$V FRPSHWH IRU WKH VDPH
GHVDWXUDVHV DQG HORQJDVHV WKH GLHWDU\ LQWDNHV RI WKHVH )$V DUH HVVHQWLDO IRUZKLFK
SDWKZD\ZLOOEHSULRULWL]HG7KXV)$FRPSRVLWLRQRIFHOOPHPEUDQHVSDUWO\GHSHQGV
RQ WKH GLHWDU\ LQWDNH RI HVVHQWLDO )$V ,Q DGGLWLRQ WR GLHWDU\ LQWDNH WKH RYHUDOO )$
VWDWXV DOVR GHSHQGV RQ HQGRJHQRXV V\QWKHVLV DQG WUDQVSRUW FRQWUROOHG E\ VHYHUDO
IDFWRUVLQFOXGLQJJHQHWLFVDJHVH[H[WHQWRIR[LGDWLYHVWUHVVDQGOLIHVW\OH>@

 

Figure 3. Fatty acid metabolism. $EEUHYLDWLRQVǻGǻGHVDWXUDVHǻGǻGHVDWXUDVHǻG
ǻ GHVDWXUDVH HOR HORQJDVH $ WRWDO RYHUYLHZ RI IDWW\ DFLG PHWDEROLVP LV FRPSOH[ 7KXV WKLV
VLPSOLILHGLOOXVWUDWLRQLQFOXGHVRQO\IDWW\DFLGVWKDWDUHFRQVLGHUHGUHOHYDQWIRUWKLVWKHVLV

Fatty acid catabolism 
0DPPDOLDQ WLVVXHV PRVW FRPPRQO\ GHSHQG RQ PLWRFKRQGULDO S\UXYDWH
GHFDUER[\ODWLRQIURPJOXFRVHODFWDWHRUDPLQRDFLGVRU)$R[LGDWLRQHVSHFLDOO\RI
ORQJFKDLQ)$VWRSURYLGHHQHUJ\>@6RPH)$VDUHGHSHQGHQWRQWKHSHUR[LVRPHV
WRXQGHUJRR[LGDWLRQHVSHFLDOO\YHU\ORQJFKDLQ)$V2WKHU)$VFDQEHPHWDEROL]HG
LQ HLWKHU SHUR[LVRPHV RU PLWRFKRQGULD ZKLOH VKRUWFKDLQ )$V DUH H[FOXVLYHO\

R[LGL]HGLQPLWRFKRQGULD>@7\SLFDOO\)$VGHVWLQHGIRUSHUR[LVRPHVXQGHUJRWKH
ILUVW VWHSV RI R[LGDWLRQ LQ WKLV RUJDQHOOH JHQHUDWLQJ D QXPEHU RI DF\O&R$ HVWHUV
ZKLFKDUHVXEVHTXHQWO\WUDQVSRUWHGIRUIXUWKHUR[LGDWLRQLQPLWRFKRQGULD
&DUQLWLQHPDLQWDLQV D ULJRURXVEDODQFHEHWZHHQ IUHH DQGHVWHULILHG&R$ LQ WKH FHOO
DQG LV SUHVHQW LQ FHOOV DQG WLVVXHV DV IUHH /FDUQLWLQH DQG DF\OFDUQLWLQHV RI D ZLGH
YDULHW\RIFKDLQOHQJWKV >@/FDUQLWLQHLVDZDWHUVROXEOHTXDWHUQDU\DPLQHWKDW LV
HQGRJHQRXVO\ V\QWKHVL]HG IURP O\VLQH DQG PHWKLRQLQH EXW FDQ DOVR EH REWDLQHG
WKURXJK WKHGLHW >@7KHFDUQLWLQHVKXWWOH LV LQYROYHG LQ WUDQVSRUWRI ORQJFKDLQ
)$V LQWR WKHPLWRFKRQGULDOPDWUL[ IRU ȕR[LGDWLRQ &DUQLWLQH SDOPLWR\OWUDQVIHUDVH ,
&37, LV D33$5Į UHJXODWHGSURWHLQ ORFDWHG LQ WKHRXWHUPLWRFKRQGULDOPHPEUDQH
ZKLFKIRUPORQJFKDLQDF\OFDUQLWLQHHVWHUV!&WKURXJKWUDQVHVWHULILFDWLRQZKHUH
DF\OJURXSVIURPDF\O&R$DUHWUDQVIHUUHGWR/FDUQLWLQH&37,LVUHJDUGHGDVDNH\
UHJXODWRU RI PLWRFKRQGULDO ȕR[LGDWLRQ RI ORQJFKDLQ )$V VKXWWOLQJ DF\OFDUQLWLQHV
DFURVV WKH PLWRFKRQGULDO PHPEUDQHV ZLWK WKH KHOS RI FDUQLWLQHDF\OFDUQLWLQH
WUDQVORFDVH &$&7$VHFRQGFDUQLWLQHSDOPLWR\OWUDQVIHUDVH&37,,SUHVHQW LQ WKH
PLWRFKRQGULDO PDWUL[ FDWDO\]HV WKH WUDQVHVWHULILFDWLRQ WR LQWUDPLWRFKRQGULDO &R$
)UHH /FDUQLWLQH FDQ OHDYH WKHPLWRFKRQGULD YLD &$&7 &DUQLWLQH DFHW\OWUDQVIHUDVH
&5$7ZKLFK LVSUHVHQWERWKLQ WKHPLWRFKRQGULDOPDWUL[DQGLQSHUR[LVRPHVKDV
WKH DELOLW\ WR UHFRQYHUW VKRUW DQG PHGLXPFKDLQ DF\O&R$V WR DF\OFDUQLWLQHV >@
ZKLFKFDQDOVROHDYHWKHPLWRFKRQGULD WKURXJK&$&7DQGEHWUDQVSRUWHGRXWRI WKH
WLVVXH WRRWKHUGHVWLQDWLRQVRU IRUXULQDU\H[FUHWLRQ >@&RPSOHWHPLWRFKRQGULDOȕ
R[LGDWLRQJHQHUDWHVDFHW\O&R$DSURFHVVZKLFKLVDOVRUHJXODWHGE\33$5Į$FHW\O
&R$ LV IXUWKHU PHWDEROL]HG LQ WKH WULFDUER[\OLF DFLG 7&$ F\FOH XOWLPDWHO\
JHQHUDWLQJHQHUJ\WKURXJKWKHHOHFWURQWUDQVSRUWFKDLQ>@
1.4.2 Triglycerides and cardiovascular disease 
,QFUHDVHG OHYHOV RI 7*V KDYH EHHQ DVVRFLDWHG ZLWK &9' ULVN DQG IRU WKLV UHDVRQ
QXPHURXVDSSURDFKHVKDYHEHHQPDGHWRDFKLHYHUHGXFHG7*OHYHOV7*V\QWKHVLVLV
VLWXDWHGLQ WKHKHSDWRF\WHVUHJXODWHGE\65(%3F6XEVWUDWHVIRU7*V\QWKHVLVDUH
 
JOXFRVHDQGQRQHVWHULILHG)$*O\FRO\VLVSURYLGHVS\UXYDWHIURPZKLFKDFHW\O&R$
LVPDGHDYDLODEOHIRUHQWHULQJWKH7&$F\FOHDQGILQDOO\FRQYHUVLRQRIFLWUDWHWR7*V
1RQHVWHULILHG)$VDUHGLUHFWO\LQFRUSRUDWHGLQWR7*V>@
3DUWLFOHV ULFK LQ 7*V DUH 9/'/ /'/ LQWHUPHGLDWH GHQVLW\ OLSRSURWHLQ ,'/ DQG
FK\ORPLFURQV >@+XPDQ7*VXVXDOO\KDYH6)$VDQG08)$VDVEXLOGLQJEORFNV
ZLWKQ38)$LQRQO\WUDFHDPRXQWV$SSURDFKHVWRLPSURYHLQVXOLQVHQVLWLYLW\DUH
SUREDEO\ WKH EHVW ZD\ WR GHFUHDVH 7*V ZKLFK FRXOG EH DFKLHYHG E\ LQFUHDVHG
SK\VLFDO DFWLYLW\ DQG ZHLJKW ORVV >@ )XUWKHUPRUH 7* OHYHOV FDQ EH UHGXFHG E\
GUXJVOLNHVWDWLQVILEUDWHV77$DQGWKLD]ROLGLQHGLRQHVEXWDOVRE\KLJKGRVHGLHWDU\
Q/&38)$V >@$IWHU VHYHUDO\HDUV VWXG\LQJ7*DQG LWVDVVRFLDWLRQZLWK&9'
RQH FDQ FRQFOXGH WKDW7* LV D UHODWLYHO\ZHDN ULVN IDFWRU LQ LWVHOI+RZHYHU LW LVD
PDUNHURIXQGHUO\LQJFKDQJHVUHODWHGWROLSLGDQGOLSRSURWHLQPHWDEROLVP>@
6LQFH GLHWDU\ Q /&38)$V KDYH D ZHOONQRZQ HIIHFW RI UHGXFLQJ SODVPD 7*
K\SHUWULJO\FHULGHPLDKDVEHHQRQHRIWKHPDLQLQGLFDWLRQVIRUQ/&38)$WUHDWPHQW
UHODWHGWR&+'>@
1.4.3 Omega-3 fatty acids and cardiovascular disease 
,QJHQHUDOFRQVXPSWLRQRIILVKDQGQ/&38)$VPDLQO\(3$DQG'+$KDVEHHQ
DVVRFLDWHG ZLWK D UHGXFHG ULVN RI &9' DQG PRUWDOLW\ >@ 7KH PRVW OLNHO\
PHFKDQLVP RI DFWLRQ LV WKH DQWLDUUK\WKPLF SURSHUWLHV RI (3$ DQG '+$ >@ ,Q
DGGLWLRQWRWKHLUDVVRFLDWLRQZLWKUHGXFHG7*OHYHOVGLHWDU\LQWDNHRIQ/&38)$V
KDV DOVR EHHQ UHODWHG WR DQWLLQIODPPDWRU\ HIIHFWV >@ %HQHILFLDO HIIHFWV VHHP
SDUWLFXODUO\SURQRXQFHGLQSDWLHQWVZLWKUHGXFHGYHQWULFXODUIXQFWLRQDQGKHDUWIDLOXUH
>@ $W WKH PROHFXODU OHYHO GLHWDU\ Q /&38)$ DOWHUV FDUGLDF PLWRFKRQGULDO
SKRVSKROLSLG FRPSRVLWLRQ WKHUHE\DIIHFWLQJPLWRFKRQGULDO IXQFWLRQ >@ DQGH[HUWV
SOHLRWURSLFHIIHFWVFRQVLGHUHGWREHFDUGLRSURWHFWLYH>@$OWRJHWKHU(3$DQG'+$
SKRVSKROLSLGLQFRUSRUDWLRQLVLQFUHDVHGRQWKHH[SHQVHRIUHGXFHG$5$FRQWHQW9HU\
KLJKGRVHVRIQ38)$FDQKRZHYHUEHSURR[LGDWLYH>@

([LVWLQJLQWHUQDWLRQDOJXLGHOLQHVUHFRPPHQGVDQQ/&38)$LQWDNHRIDWOHDVW
PJGD\ RU  VHUYLQJV RI RLO\ ILVK SHU ZHHN IRU WKH JHQHUDO SRSXODWLRQ >@ 7KH
UHFRPPHQGHG LQWDNH IRUSDWLHQWVZLWK&9'LVJGD\DQG IRUK\SHUWULJO\FHULGHPLF
SDWLHQWV  JGD\ >@ ,Q 1RUZD\ DQG HVSHFLDOO\ LQ FRDVWDO:HVWHUQ1RUZD\ ILVK
FRQVXPSWLRQDQGVXSSOHPHQWDOLQWDNHVRIQ/&38)$VKDYHWUDGLWLRQDOO\EHHQKLJK
>@DQGRQO\IHZSHRSOHZRXOGEHH[SHFWHGWRKDYHLQWDNHVEHORZWKHVXJJHVWHG
WKUHVKROG 1R FOLQLFDO EHQHILWV ZHUH VHHQ DPRQJ1RUZHJLDQ SDWLHQWVZLWK SUHYLRXV
$0,ZKRUHFHLYHGJGD\RIQ/&38)$VXSSOHPHQWVIRU\HDUVDOWKRXJK7*
OHYHOV ZHUH VLJQLILFDQWO\ GHFUHDVHG IROORZLQJ Q /&38)$ FRQVXPSWLRQ >@
6LPLODUO\WKHUHZDVQRUHGXFWLRQLQWRWDOFDUGLRYDVFXODUHYHQWVRUPRUWDOLW\LQ'DQLVK
SDWLHQWV ZLWK FKURQLF KHPRGLDO\VLV UHFHLYLQJ  JGD\ RI Q /&38)$V >@
+RZHYHU WKH QXPEHU RI LQFLGHQW $0,VZDV VLJQLILFDQWO\ UHGXFHG LQ WKLV KLJKULVN
SRSXODWLRQ,QD1RUZHJLDQWULDODPRQJHOGHUO\PHQZLWKKLJKULVNRI&9'WKHUHZDV
DERUGHUOLQHVWDWLVWLFDOO\VLJQLILFDQWUHGXFHGULVNRIDOOFDXVHPRUWDOLW\DVVRFLDWHGZLWK
DQ LQFUHDVHG LQWDNH RI Q /&38)$V >@ 7ZR -DSDQHVH VWXGLHV VKRZHG QR
DVVRFLDWLRQ EHWZHHQ D KLJKHU LQWDNH RI Q /&38)$V DQG FRURQDU\ DUWHU\ GLVHDVH
&$' PRUWDOLW\ RU VXGGHQ GHDWK >@ 7KHUH ZDV KRZHYHU D VLJQLILFDQWO\
GHFUHDVHG ULVN RI QRQIDWDO FRURQDU\ HYHQWVPDLQO\$0,ZLWK KLJK LQWDNHV RI Q
/&38)$V(YHQ WKRXJK WKHRYHUDOO DVVRFLDWLRQVEHWZHHQQ/&38)$LQWDNHVDQG
UHGXFHGULVNRIPDMRUFDUGLRYDVFXODUHYHQWVDQGPRUWDOLW\DUHFRQWURYHUVLDOWKHUHDUH
LQGLFDWLRQVRIEHQHILFLDOHIIHFWVRQFHUWDLQRXWFRPHVZLWKLQWDNHVDERYHWKHVXJJHVWHG
WKUHVKROGOHYHO
1.4.4 Omega-3 fatty acids and diabetes mellitus 
1XPHURXV VWXGLHV KDYH IRFXVHG RQ GLHWV DPRQJ SDWLHQWV ZLWK GLDEHWHV ZLWK
FRQIOLFWLQJHYLGHQFHDQGLQFRQFOXVLYHUHVXOWVUHJDUGLQJLWVDVVRFLDWLRQVWRGLHWDU\Q
/&38)$V >@ $OWKRXJK VHYHUDO VWXGLHV KDYH GHPRQVWUDWHG
DVVRFLDWLRQV EHWZHHQ LQFUHDVLQJ LQWDNHV RI Q 38)$V DQG GHFUHDVHG LQFLGHQFH RI
GLDEHWHV>@DODUJHFRKRUWVWXG\LQ86DGXOWVZLWKRXWSUHH[LVWLQJFKURQLF
GLVHDVH>@DQGDSURVSHFWLYHVWXG\LQZRPHQ>@FRQFOXGHGWKDWKLJKLQWDNHVRI
 
Q/&38)$VDQG ILVKPLJKW LQFUHDVH WKH LQFLGHQFHRI W\SHGLDEHWHV$ VWXG\ LQ
SRVW0, SDWLHQWV GLG QRW UHSRUW DQ\ UHODWLRQV EHWZHHQ Q /&38)$V DQG
FDUGLRYDVFXODU HYHQWV >@ +RZHYHU D SRVW KRF DQDO\VLV DPRQJ WKH GLDEHWLF
SDUWLFLSDQWV UHYHDOHG D VWURQJ GHFOLQH LQ FDUGLRYDVFXODU HYHQWV DIWHU Q 38)$
VXSSOHPHQWDWLRQ>@
,QWKHGLDEHWLFVWDWHFDUGLDFPHWDEROLVPLVPRGLILHGE\V\VWHPLFPHWDEROLFFKDQJHV
ZKLFK DOWHUV OLSLG SURILOH DQG WKXV )$ XWLOL]DWLRQ 7KLV FRXOG HYHQWXDOO\ UHVXOW LQ
VHYHUHGLVHDVHVXFKDVKHDUWIDLOXUH>@5DQGRPL]HGWULDOVLQKHDUWIDLOXUHSDWLHQWV
KDYH GHPRQVWUDWHG UHGXFHG PRUWDOLW\ >@ DQG LPSURYHG OHIW YHQWULFXODU V\VWROLF
IXQFWLRQ DQG IXQFWLRQDO FDSDFLW\ >@ IROORZLQJ Q /&38)$ LQWHUYHQWLRQ
3UHYLRXV VWXGLHV LQGLFDWH LQVXOLQ UHVLVWDQFH DPRQJSDWLHQWVZLWK KHDUW IDLOXUH >@
'DWD IURP VWXGLHV LQ SHUVRQV ZLWK W\SH  GLDEHWHV KDYH VKRZQ EHQHILWV RI Q
/&38)$VRQEORRG7*ZLWKQRLPSURYHPHQWLQLQVXOLQVHQVLWLYLW\RUJOXFRVHFRQWURO
>@ 7UHDWPHQW VWUDWHJLHV LQFOXGLQJ GLHWDU\ LQWDNH RI Q /&38)$ KDYH EHHQ
UHFRPPHQGHGDPRQJSDWLHQWVZLWKW\SHGLDEHWHVDFFRUGLQJWRWKH$PHULFDQ+HDUW
$VVRFLDWLRQDQGWKH$PHULFDQ'LDEHWHV$VVRFLDWLRQVWDWHPHQWVIURP>@

2. Aims of study
2.1 Overall aim
7KH RYHUDOO DLPZDV WR LQYHVWLJDWH WKH GLHWDU\ LQWDNH RI Q/&38)$V DQG ULVN RI
IXWXUH FRURQDU\ HYHQWV LQ SDWLHQWV ZLWK &$' DQG WR H[SORUH SRVVLEOH PHFKDQLVWLF
HIIHFWVRI33$5DFWLYDWLRQLQKHDUWE\ELRDFWLYH)$VLQDQDQLPDOPRGHO
2.2 Specific aims
 7RH[DPLQH WKH UHODWLRQEHWZHHQGLHWDU\ LQWDNHRIQ/&38)$VRU ILVKDQG
ULVNRI LQFLGHQW FRURQDU\ HYHQWVRUPRUWDOLW\ LQDSDWLHQWFRKRUWKDYLQJZHOO
FKDUDFWHUL]HG DQGZHOOWUHDWHG&$'  VWDWLQ XVHUV DQG D UHODWLYHO\ KLJK
FRQVXPSWLRQRIQ/&38)$V
 7R UHYHDO D SRVVLEOH LQIOXHQFH RI LPSDLUHG JOXFRVH PHWDEROLVP RQ Q
/&38)$HIIHFWVE\VWXG\LQJWKHDVVRFLDWLRQEHWZHHQQ/&38)$LQWDNHDQG
ULVNRI$0,LQ&$'SDWLHQWVZLWKRUZLWKRXWGLDEHWHVPHOOLWXV7KLVZDVEDVHG
RQWKHEHQHILFLDOHIIHFWVSUHYLRXVO\REVHUYHGLQKHDUWIDLOXUHSDWLHQWV
 7R VWXG\ 33$5PHFKDQLVPV LQ WKH UDW KHDUW E\ LQYHVWLJDWLQJ WKH ORQJWHUP
LQIOXHQFHRI WKHSRRUO\R[LGL]DEOHPLWRFKRQGULDO WDUJHWHGSDQ33$5DJRQLVWV
77$ DQGRU KLJKGRVH )2 RQ FDUGLDF OLSLG PHWDEROLVP 7KH HIIHFW RQ )$
FRPSRVLWLRQ DQG UHODWHG JHQH H[SUHVVLRQ ZDV REVHUYHG LQ DQ DQLPDO PRGHO
'DWD IURP OLYHU ZDV DSSOLHG WR UHYHDO SRVVLEOH RUJDQ VSHFLILF HIIHFWV LQ WKH
KHDUW
 
3. Subjects and Methods
3.1 Human studies
3.1.1 Study population 
7KHSDUWLFLSDQWV LQ WKHKXPDQVWXGLHV LQFOXGHGLQWKLVWKHVLVZHUHDVXEVHOHFWLRQRI
SDWLHQWV LQFOXGHG LQ WKH:HVWHUQ1RUZD\%9LWDPLQ ,QWHUYHQWLRQ7ULDO :(1%,7
7KH PDLQ VWXG\ ZDV D SURVSHFWLYH UDQGRPL]HG GRXEOHEOLQG SODFHERFRQWUROOHG
VHFRQGDU\SUHYHQWLRQVWXG\ZKLFKLQYHVWLJDWHGWKHHIIHFWRIKRPRF\VWHLQHORZHULQJ%
YLWDPLQV  PJ IROLF DFLG   PJ YLWDPLQ % YLWDPLQ %  PJ WKHLU
FRPELQDWLRQ RU SODFHER RQ FDUGLRYDVFXODU RXWFRPHV DQG DOOFDXVHPRUWDOLW\ >@
(OLJLEOH SDWLHQWV LQ WKH WULDO ZHUH PHQ DQG ZRPHQ DJHG ! \HDUV XQGHUJRLQJ
FRURQDU\ DQJLRJUDSK\ IRU VXVSHFWHG&$'DQGRU DRUWLFYDOYH VWHQRVLVDW+DXNHODQG
8QLYHUVLW\ +RVSLWDO RU 6WDYDQJHU 8QLYHUVLW\ +RVSLWDO LQ:HVWHUQ 1RUZD\ 3DWLHQWV
ZKR SDUWLFLSDWHG LQ RWKHU WULDOV DEXVHG DOFRKRO VXIIHUHG IURP PHQWDO LOOQHVV KDG
FDQFHU RU ZHUH XQDYDLODEOH IRU IROORZXS ZHUH H[FOXGHG IURP SDUWLFLSDWLQJ LQ WKH
WULDO 3DWLHQWVZHUH UHFUXLWHG EHWZHHQ  DQG 'XULQJ WKLV SHULRG D WRWDO RI
SDWLHQWVXQGHUZHQWFRURQDU\DQJLRJUDSK\IRUVXVSHFWHG&$'RUDFXWHFRURQDU\
V\QGURPH $&6 DW WKH WZR VWXG\ FHQWHUV'XH WR FDSDFLW\ UHDVRQV QRW DOO HOLJLEOH
SDWLHQWV ZHUH VFUHHQHG $ WRWDO RI  SDWLHQWV DW +DXNHODQG 8QLYHUVLW\ +RVSLWDO
FRQVHQWHG WRZLWKGUDZDO RI EORRG DW EDVHOLQH UHJDUGOHVV RI WKHPEHLQJ LQFOXGHG LQ
:(1%,7 DIWHU FRURQDU\ DQJLRJUDSK\ 7KLV WRWDO FRKRUW LV GHQRWHG WKH %HUJHQ
&RURQDU\ $QJLRJUDSK\ &RKRUW %(&$& $W 6WDYDQJHU 8QLYHUVLW\ +RVSLWDO 
SDWLHQWVZHUHLQFOXGHGLQ:(1%,7ZLWKEORRGVDPSOHVEHLQJZLWKGUDZQH[FOXVLYHO\
LQWKRVHEHLQJUHFUXLWHGLQWRWKHVWXG\DIWHUGLDJQRVHGZLWK&$'DVVHVVHGE\FRURQDU\
DQJLRJUDSK\7KXVDELREDQNZDVEXLOWXSRIVDPSOHVIURPDWRWDORISDWLHQWV
IURPWKHWZRKRVSLWDOVGHQRWHGWKH:HVWHUQ1RUZD\&RURQDU\$QJLRJUDSK\&RKRUW
:(&$& $OO SDUWLFLSDQWV ZKR ZHUH HOLJLEOH IRU DQG FRQVHQWHG WR SDUWLFLSDWH LQ

%(&$& VLJQHG D FRQVHQW IRUP DQG SDUWLFLSDQWV LQ :(1%,7 VLJQHG D VHSDUDWH
FRQVHQW IRUP $ WRWDO RI  SDWLHQWV ZHUH UDQGRPO\ DVVLJQHG LQWR WKH:(1%,7
VWXG\7KHVWXG\SURWRFROZDVLQDFFRUGDQFHZLWKWKHSULQFLSOHVRIWKH'HFODUDWLRQRI
+HOVLQNLDQGWKHWULDOZDVDSSURYHGE\WKH5HJLRQDO&RPPLWWHHIRU0HGLFDO5HVHDUFK
(WKLFV WKH1RUZHJLDQ0HGLFLQHV$JHQF\ DQG WKH'DWD ,QVSHFWRUDWH2YHUDOO WKHUH
ZDV QR VKRUW RU ORQJWHUP EHQHILWV RQ FDUGLRYDVFXODU RXWFRPH DVVRFLDWHGZLWK WKH
VWXG\WUHDWPHQW>@
,QPaper 1 ZH VWXGLHG SDUWLFLSDQWV LQ:(1%,7ZKR FRPSOHWHG D VHPLTXDQWLWDWLYH
IRRGIUHTXHQF\ TXHVWLRQQDLUH ))4 DW WULDO HQUROOPHQW ,Q WRWDO  SDWLHQWV
FRPSOHWHG WKH))41LQHWHHQ TXHVWLRQQDLUHVZHUH H[FOXGHG EHFDXVH WKH\FRQWDLQHG
PRUH WKDQ RQH EODQN SDJH 3DUWLFLSDQWV ZLWK YHU\ ORZ  N- IRU ZRPHQ DQG
 N- IRU PHQ RU YHU\ KLJK ! N- IRU ZRPHQ DQG ! N- IRU PHQ
HVWLPDWHGGDLO\HQHUJ\LQWDNHVZHUHH[FOXGHGQ OHDYLQJSDWLHQWVZLWKYDOLG
GLHWDU\GDWD,QPaper 2ZHLQYHVWLJDWHGWKHVDPHFRKRUWDVLQPaper 1EXWE\GRLQJ
VXEJURXSDQDO\VHV DFFRUGLQJ WRSDUDPHWHUVRIJOXFRVHPHWDEROLVP DQGSDWLHQWV
ZHUH H[FOXGHG EHFDXVH RIPLVVLQJ+E$F GDWD 7KXVPaper 2 LQFOXGHG D WRWDO RI
 SDWLHQWVZLWK DYDLODEOH GDWD RQ+E$F DQGZLWK ))4 FRQVLGHUHG RI DGHTXDWH
TXDOLW\Figure 4SURYLGHVDQRYHUYLHZRISDWLHQWVHOHFWLRQIURPEDVHOLQHFROOHFWLRQ
RI EORRG VDPSOHV DQG UHFUXLWPHQW WR :(1%,7 DQG WR ILQDO LQFOXVLRQ LQ WKH VXE
VWXGLHV SUHVHQWHG LQ Paper 1 DQG 2 ,Q DQ LQGHSHQGHQW VWXG\ EDVHG RQ WKH VRXUFH
SRSXODWLRQ IRU SDWLHQWV UHFUXLWHG WR :(1%,7 DW +DXNHODQG 8QLYHUVLW\ +RVSLWDO
VHUXP)$FRPSRVLWLRQZDVGHWHUPLQHGDPRQJFRQVHFXWLYHSDWLHQWVH[DPLQHGLQ
 ,Q WKH FXUUHQWO\ LQYHVWLJDWHG FRKRUW  SDWLHQWV KDG )$ FRPSRVLWLRQ
GDWD
 

Figure 4. Flow of randomized patients from WECAC to study populations in Papers 1 and 2. 
:(1%,7 ))4 GHVLJQDWHV WKH VWXG\ SRSXODWLRQ LQ Paper 1 DQG :(1%,7 +E$F WKH VWXG\
SRSXODWLRQ LQPaper 2$EEUHYLDWLRQV:(&$&:HVWHUQ1RUZD\&RURQDU\$QJLRJUDSK\&RKRUW
:(1%,7 :HVWHUQ 1RUZD\ %9LWDPLQ ,QWHUYHQWLRQ 7ULDO +86 +DXNHODQG 8QLYHUVLW\ +RVSLWDO
686 6WDYDQJHU8QLYHUVLW\+RVSLWDO%(&$&%HUJHQ&RURQDU\$QJLRJUDSK\&RKRUW ))4 )RRG
)UHTXHQF\4XHVWLRQQDLUH 

3.1.2 Dietary assessment  
7KH))4Supplement AZDVGHYHORSHGDWWKH'HSDUWPHQWRI1XWULWLRQ8QLYHUVLW\
RI 2VOR DQG KDG SUHYLRXVO\ EHHQ YDOLGDWHG DJDLQVW SODVPD SKRVSKROLSLG )$
FRQFHQWUDWLRQV LQ DGXOW DQG ROGHU 1RUZHJLDQPHQ DQG ZRPHQZLWK FRUUHODWLRQV RI
 DQG  DQG WKH DELOLW\ WR FODVVLI\  DQG  LQWR WKH VDPH RU DGMDFHQW
TXDUWLOHIRU(3$DQG'+$UHVSHFWLYHO\>@7KH))4ZDVJLYHQWRSDWLHQWVRQWKH
GD\RIHQUROOPHQWDQGUHWXUQHGE\PDLOWRWKHVWXG\FHQWHURUFROOHFWHGDWWKHIROORZ
XSDSSRLQWPHQWPRQWKODWHU7KH))4LQFOXGHGIRRGLWHPVWKDWZHUHJURXSHG
DFFRUGLQJ WR 1RUZHJLDQ PHDO SDWWHUQV DQG ZDV GHVLJQHG WR REWDLQ LQIRUPDWLRQ RQ
XVXDOIRRGLQWDNHGXULQJWKHSDVW\HDU7KHIUHTXHQF\RIFRQVXPSWLRQZDVJLYHQSHU
GD\ ZHHN RU PRQWK GHSHQGLQJ RQ WKH LWHPV LQ TXHVWLRQ 7KH SRUWLRQ VL]HV ZHUH
JLYHQDVKRXVHKROGPHDVXUHVRUXQLWVVXFKDVVOLFHVRUSLHFHV,QWDNHVRIILVKDQGILVK
SURGXFWV ZHUH DVVHVVHG E\ TXHVWLRQV UHODWHG WR EUHDNIDVW OXQFK DQG GLQQHU )RU
EUHDNIDVW RU OXQFK DPRXQWV ZHUH HVWLPDWHG IURP QXPEHU RI VDQGZLFKHV ZLWK WKH
IROORZLQJ VSUHDGV HDWHQ SHU ZHHN WLQQHG PDFNHUHO LQ WRPDWR SDVWH RU VPRNHG
PDFNHUHO VDUGLQHV SLFNOHG KHUULQJ DQFKRYLHV RU VLPLODU DQG VDOPRQ RU WURXW 
IUHTXHQF\FDWHJRULHV)RUOXQFKRUGLQQHUFDWHJRULHVZHUHILVKFDNHVILVKSXGGLQJ
RU ILVK EDOOV ILVK ILQJHUV ERLOHG FRG FRDOILVK RU KDGGRFN IULHG FRG FRDOILVK RU
KDGGRFNIUHVKVDOWFXUHGRUVPRNHGKHUULQJIUHVKRUVPRNHGPDFNHUHOVDOPRQRU
WURXW ZLOGRU IDUPHG ILVKVWHZ ILVKVRXSRUILVKDXJUDWLQDQGVKULPSRUFUDE
IUHTXHQF\ FDWHJRULHV DQG  UHODWHG DPRXQW FDWHJRULHV VXFK DV SLHFH ILOOHW RU
KRXVHKROGPHDVXUHV'LHWDU\ ILVKGDWDZDVSUHVHQWHG DV WRWDO ILVK LQWDNH7KH))4
DOVR LQFOXGHG TXHVWLRQV DERXW VXSSOHPHQWV LQFOXGLQJ FRG OLYHU RLO FRG OLYHU RLO
FDSVXOHV DQG)2 FDSVXOHV ,QWDNH FDWHJRULHVZHUHIROGZKROH\HDURUZLQWHUXVH
RQO\WLPHVSHUZHHNDQGDPRXQWSHUWLPH7RWDOLQWDNHRIQ/&38)$ZDVXVHGIRU
WKH DQDO\VHV 1XWULHQW LQWDNH ZDV FDOFXODWHG E\ XVLQJ D GDWDEDVH DQG D VRIWZDUH
V\VWHP GHYHORSHG DW WKH 'HSDUWPHQW RI 1XWULWLRQ 8QLYHUVLW\ RI 2VOR
.RVWEHUHJQLQJVV\VWHPYHUVLRQ8QLYHUVLW\RI2VOR1RUZD\>@
 
3.1.3 Assessment of clinical data 
'HPRJUDSKLFFOLQLFDODQGURXWLQHODERUDWRU\GDWDZHUHREWDLQHGE\VWXG\SHUVRQQHO
6PRNHUVLQFOXGHGVHOIUHSRUWHGFXUUHQWVPRNHUVWKRVHUHSRUWHGKDYLQJTXLWWHGZLWKLQ
WKH ODVW IRXU ZHHNV DQG SDWLHQWV ZLWK SODVPD FRWLQLQH OHYHOV  QPRO/ /HIW
YHQWULFXODU HMHFWLRQ IUDFWLRQ /9()  ZDV GHWHUPLQHG E\ YHQWULFXORJUDSK\ RU
HFKRFDUGLRJUDSK\ DQG YDOXHV  ZHUH FRQVLGHUHG WR EH LPSDLUHG (VWLPDWHG
JORPHUXODUILOWUDWLRQUDWHH*)5ZDVFDOFXODWHGDSSO\LQJWKH&KURQLF.LGQH\'LVHDVH
(SLGHPLRORJ\ &ROODERUDWLRQ >@ ,QPaper 2 SDUWLFLSDQWV ZHUH VXEJURXSHG LQWR
QRQGLDEHWLF QR SUHYLRXV GLDEHWHV DQG +E$F  SUHGLDEHWLF QR SUHYLRXV
GLDEHWHV DQG+E$F DQGGLDEHWLF SUHYLRXVO\GLDJQRVHGGLDEHWHVRU IDVWLQJ
EDVHOLQHVHUXPJOXFRVHRUDQRQIDVWLQJJOXFRVHPPRO/7KHVHWKUHVKROG
OHYHOV ZHUH VHOHFWHG EDVHG RQ HVWDEOLVKHG QXPEHUV IRU GLDJQRVLQJ SUHGLDEHWHV DQG
GLDEHWHV>@$FFRUGLQJWRWKHQHZGLDEHWHVGHILQLWLRQVSDWLHQWVZLWK+E$F
DUHFODVVLILHGZLWKGLDEHWHV,WLVSUHVHQWO\XQNQRZQLIWKLVSDWLHQWJURXSKROGDULVNRI
PDFURYDVFXODU FRPSOLFDWLRQV ZKLFK LV FRPSDUDEOH WR WKRVH ZLWK GLDEHWHV HLWKHU
FOLQLFDOO\GLDJQRVHGRUGHILQHGE\WKUHVKROGJOXFRVHOHYHOV>@7KHUHIRUHSDWLHQWV
ZLWK+E$FZKRZHUHQRWSUHYLRXVO\GLDJQRVHGZLWKGLDEHWHVZHUHFODVVLILHG
DVKDYLQJSUHGLDEHWHVLQRXUVWXG\
3.1.4 Assessment of laboratory data 
6WDQGDUGEORRGODERUDWRU\SDUDPHWHUVZHUHDQDO\]HGIURPIUHVKVDPSOHVDFFRUGLQJWR
URXWLQH SURWRFROV DW WKH UHVSHFWLYH FHQWUDO ODERUDWRULHV DW WKH WZR VWXG\ FHQWHUV
6DPSOHV IRU WKH ELREDQN ZHUH FROOHFWHG WRJHWKHU ZLWK URXWLQH EORRG VDPSOHV DW
EDVHOLQHFRURQDU\DQJLRJUDSK\DQGVWRUHGDWÛ&XQWLODQDO\VLV5HDJHQWNLWVRIW\SH
7LQDTXDQWRQ$SROLSRSURWHLQ$, $SR$,YHU$SR%YHUDQG&UHDFWLYH
SURWHLQ ODWH[KLJKVHQVLWLYHDVVD\ZHUHREWDLQHGIURP5RFKH'LDJQRVWLFV *PE+
0DQQKHLP*HUPDQ\ DQG VHUXPPHDVXUHPHQWV RQ WKHVH SDUDPHWHUVZHUH GRQH RQ
WKH +LWDFKL  V\VWHP 5RFKH 'LDJQRVWLFV +E$F ZDV GHWHUPLQHG E\ PDWUL[
DVVLVWHG ODVHU GHVRUSWLRQLRQL]DWLRQ WLPHRIIOLJKW PDVV VSHFWURPHWU\ 0$/',72)

06>@DQGSODVPDFRWLQLQHE\OLTXLGFKURPDWRJUDSK\WDQGHPPDVVVSHFWURPHWU\
/&0606 DW %(9,7$/ $6 KWWSZZZEHYLWDOQR 6HUXP )$ PHWK\O HVWHUV
)$0(V ZHUH REWDLQHG E\ KHDWLQJ RI OLSLGV ZLWKPHWKDQRO DW q& IRU RQH KRXU
6XOSKXULFDFLGZDVXVHGDVDFDWDO\VW>@$IWHUH[WUDFWLRQLQWRDQRUJDQLFVROYHQW
)$0(VZHUHDQDO\]HGE\JDVOLTXLGFKURPDWRJUDSK\*&7KHJDVFKURPDWRJUDSK
*&  723 )LQQLJDQ $XVWLQ 7; 86$ ZDV HTXLSSHG ZLWK D SURJUDPPHG
WHPSHUDWXUHYDSRUL]DWLRQLQMHFWRUIODPHLRQL]DWLRQGHWHFWRU$6DXWRVDPSOHUDQG
ZLWKDIXVHGVLOLFDFDSLOODU\FROXPQ'%PV-	:6FLHQWLILF)ROVRP&$86$
+\GURJHQZDVXVHGDVDFDUULHUJDV&ROXPQWHPSHUDWXUHZDVSURJUDPPHGIURP
WRq&ZLWKDJUDGLHQWRIq&PLQ*&VLJQDOZDVDFTXLUHGDQGHYDOXDWHGZLWK
&KURPHOHRQ VRIWZDUH 'LRQH[ &RUSRUDWLRQ 6XQQ\YDOH &$ 86$ 3HDNV ZHUH
LGHQWLILHGE\PHDQVRINQRZQ)$VWDQGDUGVDQGE\PHDQVRIPDVVVSHFWUDREWDLQHG
E\*&06DQDO\VLV*&4)LQQLJDQRQWKHVDPHFROXPQ,QWHUQDOVWDQGDUG&
ZDV XVHG IRU TXDQWLILFDWLRQ DIWHU FDOLEUDWLRQZLWK NQRZQPL[WXUHV RI)$ VWDQGDUGV
/'/FKROHVWHUROZDVFDOFXODWHGE\XVLQJWKH)ULHGHZDOGIRUPXOD>@
3.1.5 Endpoints and follow-up
7KH PDLQ HQGSRLQW LQ Paper 1 ZDV D FRPSRVLWH RI FRURQDU\ HYHQWV FRPSULVLQJ
KRVSLWDOL]DWLRQ IRU XQVWDEOH DQJLQD SHFWRULV QRQIDWDO $0, DQG FRURQDU\ GHDWK ,Q
DGGLWLRQWKHIROORZLQJVHSDUDWHHQGSRLQWVZHUHFRQVLGHUHGDOOFDXVHGHDWKFRURQDU\
GHDWK $0, IDWDO DQG QRQIDWDO DQG VWDEOH DQJLQD SHFWRULV ZLWK DQJLRJUDSKLFDOO\
YHULILHGSURJUHVVLRQRI&$',QPaper 2WKHHQGSRLQWZDVIDWDODQGQRQIDWDO$0,
SUHVHQWHGERWKDVWRWDO$0,DQGDVVHSDUDWHIDWDODQGQRQIDWDO$0,V
(YHQWV DQG VXSSOHPHQWDOPHGLFDO LQIRUPDWLRQZHUH FROOHFWHG IURPKRVSLWDOV DQGRQ
GHDWKVIURPWKH1RUZHJLDQ&DXVHRI'HDWK5HJLVWU\,IGHDWKRFFXUUHGGD\VDIWHU
WKHRQVHWRIDQHYHQWWKHHYHQWZDVFODVVLILHGDVIDWDO$0,ZDVFODVVLILHGDFFRUGLQJ
WR WKH GLDJQRVWLF FULWHULD RI WKH UHYLVHG GHILQLWLRQ RI $0, IURP  >@
3URFHGXUHUHODWHG QRQIDWDO $0, RFFXUULQJ  KRXUV DIWHU FRURQDU\ DQJLRJUDSK\
SHUFXWDQHRXV FRURQDU\ LQWHUYHQWLRQ 3&, RU FRURQDU\ DUWHU\ E\SDVV JUDIW VXUJHU\
 
&$%* ZHUH H[FOXGHG &DVHV RI XQVWDEOH DQJLQD SHFWRULV ZHUH FODVVLILHG DV
HQGSRLQWVLISDWLHQWVZHUHXUJHQWO\DGPLWWHGWRKRVSLWDOGXHWRDFXWHDWWDFNVRIW\SLFDO
LVFKHPLF V\PSWRPV DFFRPSDQLHG E\ HOHFWURFDUGLRJUDSKLF 67±7 ILQGLQJV RI
P\RFDUGLDO LVFKHPLD DW UHVW DQGRU LI FRURQDU\ DQJLRJUDSK\ YHULILHG VLJQLILFDQW
SURJUHVVLRQRIWKHLU&$'>@(QGSRLQWVZHUHUHFRUGHGXQWLO'HFHPEHUVW
DQGDOOHYHQWVZHUHDGMXGLFDWHGE\PHPEHUVRIWKHHQGSRLQWVFRPPLWWHH
3.1.6 Statistical analyses 
Paper 1 
,Q Paper 1 SDUWLFLSDQWV ZHUH UDQNHG LQWR TXDUWLOHV RI Q /&38)$ FRQVXPSWLRQ
>FRPELQHGGDLO\ LQWDNHVRI(3$GRFRVDSHQWDHQRLFDFLG'3$QDQG'+$@
H[SUHVVHG DV SHUFHQWDJH RI WRWDO HQHUJ\ 7( WR FRQWURO IRU FRQIRXQGLQJ E\
GLIIHUHQFHVLQHQHUJ\LQWDNH>@RUUDQNHGLQWRTXDUWLOHVRIILVKLQWDNHJ
6WDWLVWLFDO DQDO\VHVZHUHSHUIRUPHGE\XVLQJ6366 IRU:LQGRZVYHUVLRQ 6366
,QF &KLFDJR ,/ DQG 5 YHUVLRQ  7KH 5 )RXQGDWLRQ IRU 6WDWLVWLFDO &RPSXWLQJ
9LHQQD$XVWULD*HQHUDOL]HGDGGLWLYHPRGHOV *$0VZHUHDSSOLHGWRH[SORUHDQ\
QRQOLQHDU DVVRFLDWLRQV EHWZHHQ LQWDNH RI Q /&38)$V DQG WKHPDLQ HQGSRLQW RI
FRURQDU\HYHQWVDIWHUDGMXVWPHQWIRUSRWHQWLDOFRQIRXQGHUV>@7KHIXQFWLRQDO
IRUP RI WKH QDWXUDO ORJDULWKP RI Q /&38)$ LQWDNH J ZDV PRGHOHG ZLWK D
VPRRWKLQJVSOLQHILW GI LQDPXOWLYDULDWH&R[SURSRUWLRQDOKD]DUGVPRGHO3RZHU
ZDV DVVHVVHG RQ WKH EDVLV RI D VLGHG FKLVTXDUH WHVW VLJQLILFDQFH OHYHO RI 
FRPSDULQJ TXDUWLOH  ZLWK TXDUWLOHV ± FRPELQHG 6DPSOH3RZHU  6366 ,QF
&KLFDJR ,/ 7KH VWDWLVWLFDO SRZHU WR GHWHFW D GHFUHDVH LQ HYHQW UDWH IURP  LQ
TXDUWLOH WR LQTXDUWLOHV±RIQ/&38)$V GHFUHDVH LQ UHODWLYH ULVN
ZDV  7R GHWHFW D GHFUHDVH IURP  WR   GHFUHDVH LQ UHODWLYH ULVN
ZRXOGJLYHDSRZHURI

Paper 2
,Q Paper 2 SDUWLFLSDQWV ZLWKLQ HDFK VXEJURXS RI QRQGLDEHWHV SUHGLDEHWHV DQG
GLDEHWHVZHUHUDQNHGLQWRWHUWLOHVRIGDLO\Q/&38)$7(DQGILVKJLQWDNH
6SHDUPDQ¶V UDQN FRUUHODWLRQ ZDV XVHG WR DVVHVV DVVRFLDWLRQV EHWZHHQ YDULRXV
FRQWLQXRXV SDUDPHWHUV 7KH .ROPRJRURY6PLUQRY WHVW ZDV XVHG WR H[DPLQH WKH
FRQWLQXRXV )$ YDULDEOHV IRU QRUPDO GLVWULEXWLRQ 9DULDEOHV WKDW ZHUH QRW QRUPDOO\
GLVWULEXWHG ZHUH ORJWUDQVIRUPHG (VWLPDWHG PDUJLQDO PHDQV DQG  FRQILGHQFH
LQWHUYDOV &,V RI )$ SURILOH ZHUH FDOFXODWHG IRU QRQGLDEHWLF SUHGLDEHWLF DQG
GLDEHWLF SDUWLFLSDQWV E\ RQHZD\ DQDO\VLV RI FRYDULDQFH $1&29$ ZLWK
DGMXVWPHQWVPDGH IRU DJH VH[ DQG VWDWLQ GRVH 3RVWKRF FRPSDULVRQV IRU VSHFLILHG
EHWZHHQJURXSGLIIHUHQFHVZHUHPDGHE\XVLQJ WKH7XNH\+6' WHVW IRU)$VZKHUH
JURXSVVLJQLILFDQWO\GLIIHUHGDVDVVHVVHGE\$1&29$
6XUYLYDOFXUYHVZHUHFUHDWHGIRUIROORZXSXQWLOWKHWKSHUFHQWLOHRIIROORZXSWLPH
FRUUHVSRQGLQJ WR  \HDUV XVLQJ WKH .DSODQ0HLHU PHWKRG ,QWHUDFWLRQV EHWZHHQ
LQWDNHRIQ/&38)$VDQGGLDEHWHVZHUHWHVWHGE\DGGLQJSURGXFWWHUPVLQWKH&R[
PRGHO6WDWLVWLFVZHUHSHUIRUPHGE\XVLQJ,%063666WDWLVWLFVIRU:LQGRZVYHUVLRQ
6366,QF&KLFDJR,/86$DQG5YHUVLRQ5'HYHORSPHQW&RUH7HDP
9LHQQD$XVWULD
Paper 1 and 2 
0HDQVDQG6'V>RUPHGLDQVWKWKSHUFHQWLOH@DQGSURSRUWLRQVZHUHFRPSXWHG
IRU VHOHFWHGEDVHOLQHFKDUDFWHULVWLFVDQGGLHWDU\YDULDEOHV7UHQGVDFURVVTXDUWLOHVRU
WHUWLOHV ZHUH WHVWHG E\ XVLQJ OLQHDU UHJUHVVLRQ IRU FRQWLQXRXV YDULDEOHV DQG ORJLVWLF
UHJUHVVLRQIRUELQDU\YDULDEOHV
+D]DUGUDWLRV+5VDQG&,VZHUHHVWLPDWHGE\XVLQJ&R[SURSRUWLRQDOKD]DUGV
7HVWVIRUWUHQGZHUHSHUIRUPHGE\DVVLJQLQJHTXDOO\VSDFHGZHLJKWVIRUHDFKTXDUWLOH
± RU WHUWLOH  RI Q /&38)$ RU ILVK LQWDNHV DQG PRGHOLQJ WKLV DV D
 
FRQWLQXRXV YDULDEOH LQ VHSDUDWH&R[ SURSRUWLRQDO KD]DUGVPRGHOV 7KH EDVLFPRGHO
LQFOXGHGDJHDQGVH[$GGLWLRQDOFRYDULDWHV LQ WKHPXOWLYDULDWHPRGHOZHUHVHOHFWHG
RQWKHEDVLVRIFOLQLFDOUHOHYDQFHTable 1
Table 1. Covariates included in the multivariate adjusted models in Cox regression analyses in 
Papers 1 or 2
Continuous Categorical Paper 1 Paper 2
+\SHUWHQVLRQ <HVRUQR ;
&XUUHQWVPRNLQJ <HVRUQR ; ;
6HUXPWULJO\FHULGHV PPRO/ ;
/HIWYHQWULFXODUHMHFWLRQIUDFWLRQ  ; ;
([WHQWRI&$'  ;
&XUUHQWXVHRIVWDWLQV <HVRUQR ;
$FXWHFRURQDU\V\QGURPH <HVRUQR ; ;
'LDEHWHVPHOOLWXV <HVRUQR ;
%DVHOLQH3&, <HVRUQR ;
%DVHOLQH&$%* <HVRUQR ;
)DVWLQJ <HVRUQR ;
)ROLFDFLGWUHDWPHQW <HVRUQR ;
9LWDPLQ%WUHDWPHQW <HVRUQR ;
$EEUHYLDWLRQV&$%*FRURQDU\DUWHU\E\SDVVJUDIWVXUJHU\&$'FRURQDU\DUWHU\GLVHDVH3&,
SHUFXWDQHRXVFRURQDU\LQWHUYHQWLRQ
6WLOOVPRNLQJDWEDVHOLQHRUPRQWKVLQFHTXLWWLQJRUDVVHVVHGE\FRWLQLQHOHYHOVQPRO/
1RQVLJQLILFDQWVLQJOHGRXEOHRUWULSOHYHVVHO

6HYHUDO FRYDULDWHV ZHUH DVVHVVHG IRU DGMXVWPHQW EXW GLG QRW DSSUHFLDEO\ DOWHU WKH
UHVXOWVDQGZHUHQRWLQFOXGHGLQWKHILQDOPRGHOTable 23K\VLFDODFWLYLW\ZDVQRW
LQFOXGHG EHFDXVH GDWD ZDV PLVVLQJ LQ  RI WKH SDWLHQWV PYDOXHV  ZHUH
FRQVLGHUHGWREHVWDWLVWLFDOO\VLJQLILFDQW













Table 2. Covariates assessed for use (but not included) in Cox regression analyses in Papers 1 
or 2
Continuous Categorical Paper 1 Paper 2
%RG\PDVVLQGH[ 4XDUWLOHV ; ;
3UHYLRXV$0, <HVRUQR ;
3UHYLRXV3&, <HVRUQR ;
3UHYLRXV&$%* <HVRUQR ;
3UHYLRXVFHUHEURYDVFXODUGLVHDVH <HVRUQR ;
3UHYLRXVFDURWLGDUWHU\VWHQRVLV <HVRUQR ;
3UHYLRXVSHULSKHULDODUWHULDOGLVHDVH <HVRUQR ;
6HUXPDSROLSRSURWHLQ$, J/ ;
6HUXPDSROLSRSURWHLQ% J/ ;
*O\FRV\ODWHGKDHPRJORELQ  ;
&UHDFWLYHSURWHLQ PJ/ ;
&XUUHQWXVHRIȕEORFNHUV <HVRUQR ; ;
&XUUHQWXVHRI$&(LQKLELWRUV <HVRUQR ; ;
&XUUHQWXVHRIPHWSKRUPLQ <HVRUQR ;
&XUUHQWXVHRIVXOSKRQDPLGHV <HVRUQR ;
&XUUHQWXVHRILQVXOLQ <HVRUQR ;
'LHWDU\LQWDNHRI6)$ 4XDUWLOHV ;
'LHWDU\LQWDNHRIQ38)$ 4XDUWLOHV ;
'LHWDU\LQWDNHRI$/$ 4XDUWLOHV ;
'LHWDU\LQWDNHRIILEHU 4XDUWLOHV ;
'LHWDU\LQWDNHRIWKLDPLQH 4XDUWLOHV ;
'LHWDU\LQWDNHRIULERIODYLQ 4XDUWLOHV ;
'LHWDU\LQWDNHRIWRFRSKHURO  4XDUWLOHV ; 
3K\VLFDODFWLYLW\   ; ;
$EEUHYLDWLRQV$&(DQJLRWHQVLQFRQYHUWLQJHQ]\PH$/$ĮOLQROHQLFDFLG$0,DFXWHP\RFDUGLDO
LQIDUFWLRQ&$%*FRURQDU\DUWHU\E\SDVVJUDIWVXUJHU\&$'FRURQDU\DUWHU\GLVHDVHQ38)$
QSRO\XQVDWXUDWHGIDWW\DFLGV3&,SHUFXWDQHRXVFRURQDU\LQWHUYHQWLRQ6)$VDWXUDWHGIDWW\DFLGV
RUGD\VZHHN






 
3.2 Animal study
3.2.1 Study design and sampling 
0DOH:LVWDUUDWVDJHGHLJKWWRWHQZHHNVZHUHREWDLQHGIURP7DFRQLF(XURSH$6
7KH\ZHUHKRXVHGLQJURXSVRIILYHDQGPDLQWDLQHGDWDFRQVWDQWKRXUVOLJKWGDUN
F\FOHDWDWHPSHUDWXUHRI&DQGDUHODWLYHKXPLGLW\RI$QLPDOVZHUH
DFFOLPDWL]HG XQGHU WKHVH FRQGLWLRQV IRU RQHZHHN SULRU WR VWXG\ VWDUW DQG KDG IUHH
DFFHVVWRVWDQGDUGFKRZGXULQJWKHDFFOLPDWLRQSHULRGDQGZDWHUDWDOOWLPHV'XULQJ
WKHIHHGLQJSHULRGWKHDQLPDOVUHFHLYHGRQHRXWRIILYHGLHWVIRUDSHULRGRIZHHNV
Table 3
Table 3. Animal study diets
Diet (% w/v)1 Low fat Control TTA FO TTA + FO
/DUGIDW     
6R\EHDQRLOIDW     
77$   
(3$;7*   
&DVHLQSURWHLQ     
&RUQVWDUFK     
6XFURVH     
)LEHU     
$,1*PLQHUDOPL[     
$,1YLWDPLQPL[     
/F\VWHLQH     
&KROLQHELWDUWUDWH     
7HUWEXW\OK\GURTXLQRQH     
.+32PRQREDVLF 
$EEUHYLDWLRQV77$WHWUDGHF\OWKLRDFHWLFDFLG)2ILVKRLO(3$;7*ILVKRLOSURYLGHGE\
(3$;$6
,QJUHGLHQWVDUHJLYHQLQPDVVFRQFHQWUDWLRQPDVVYROXPHZY
$IWHU  ZHHNV WKH DQLPDOV ZHUH VDFULILFHG XVLQJ LVRIOXUDQH )RUHQH $EERWW
/DERUDWRULHV $EERWW 3DUN ,/ XQGHU QRQIDVWLQJ FRQGLWLRQV 7KH DEGRPHQ ZDV
RSHQHGLQWKHPLGOLQHDQGEORRGZDVGUDZQE\FDUGLDFSXQFWXUHDQGFROOHFWHGLQ%'
9DFXWDLQHU WXEHV FRQWDLQLQJ ('7$ %HFWRQ 'LFNLQVRQ DQG &RPSDQ\ 3O\PRXWK
8.7KHKHDUW DQG OLYHU WLVVXHVZHUH FROOHFWHG DQG LPPHGLDWHO\ IUHH]HFODPSHGDV

GUDLQDJH RI EORRG IURP WKH DQLPDO ZDV FRPSOHWH 3ODVPD DQG WLVVXH VDPSOHVZHUH
VWRUHGDWÛ&XQWLODQDO\VHV

Figure 5. Sub-group analyses on heart tissue of male Wistar rats after dietary intervention 
with TTA and/or FO – Gastric heart study. $WRWDORIUDWVZHUHLQFOXGHGLQWKHPDLQVWXG\
IURPZKLFKZHUHVHOHFWHGIRUKHDUWWLVVXHVDPSOLQJ1XPEHURIDYDLODEOHWLVVXHVDPSOHVLQHDFK
JURXS DQG QXPEHU RI DQLPDOV LQFOXGHG LQ HDFK DQDO\VLVZHUH DV GHVLJQDWHG$EEUHYLDWLRQV 77$
WHWUDGHF\OWKLRDFHWLFDFLG)2ILVKRLO)$FRPSIDWW\DFLGFRPSRVLWLRQT3&5UHDOWLPHSRO\PHUDVH
FKDLQUHDFWLRQ 
$WRWDORIDQLPDOVZHUHLQFOXGHGLQWKHPDLQVWXG\$VWKLVVWXG\ZDVQRWVROHO\
GHVLJQHG IRU KHDUW WLVVXH DQDO\VHV WKHKHDUWZDVRQO\GLVVHFWHG RXW LQ DQLPDOV
%HWZHHQ  DQG  KHDUW WLVVXH VDPSOHV IURPHDFK GLHW JURXSZDV VHOHFWHG IRU WKH
IROORZLQJ DQDO\VHV Figure 5 OLSLG SDWWHUQ )$ FRPSRVLWLRQ HQ]\PH DFWLYLW\ RU
 
UHDOWLPH SRO\PHUDVH FKDLQ UHDFWLRQ T3&5 6HOHFWLRQV ZHUH PDGH EDVHG RQ
DYDLODELOLW\RIKHDUWWLVVXHFDSDFLW\FRVWDQGDFKLHYLQJDVXIILFLHQWVDPSOHVL]H
7KHDQLPDOH[SHULPHQWVZHUHVWDQGDUGL]HGDFFRUGLQJ WR WKH*XLGHOLQHV IRU WKH&DUH
DQG8VHRI([SHULPHQWDO$QLPDOVDQGWKHSURWRFROZDVDSSURYHGE\WKH1RUZHJLDQ
6WDWH%RDUGIRU%LRORJLFDO([SHULPHQWVZLWK/LYLQJ$QLPDOV
3.2.2 Tissue analyses 
7LVVXH VDPSOHV ZHUH KRPRJHQL]HG DQG OLSLGV H[WUDFWHG ZLWK FKORURIRUPPHWKDQRO
>@ 6DPSOHV ZHUH HYDSRUDWHG XQGHU QLWURJHQ DQG UHGLVVROYHG LQ LVRSURSDQRO
EHIRUH OLSLG DQDO\VLV RQ WKH +LWDFKL  V\VWHP 5RFKH 'LDJQRVWLFV *PE+
0DQQKHLP*HUPDQ\7RWDOFKROHVWHURO&+2'3$3DQG7**323$3NLWVZHUH
IURP5RFKH'LDJQRVWLFVDQG WKHSKRVSKROLSLGVNLW IURP'LD6\V'LDJQRVWLF6\VWHPV
*PE++RO]KHLP*HUPDQ\)$0(VZHUHREWDLQHGIURPWLVVXHH[WUDFWHGOLSLGVDQG
)$FRPSRVLWLRQZDVDQDO\]HGE\IROORZLQJWKHVDPHSURFHGXUHDVIRUVHUXPZKLFK
ZDVGHVFULEHGLQSection 3.1.4
$IWHUKRPRJHQL]DWLRQDQG IUDFWLRQDWLRQ>@HQ]\PDWLFDFWLYLWLHVRI&37,DQG,,
>@ IDWW\ DF\O&R$ R[LGDVH $&2; >@ JO\FHUROSKRVSKDWH
DF\OWUDQVIHUDVH *3$7 >@ DQG )$ V\QWKDVH )$6 >@ZHUHPHDVXUHG LQ WKH
SRVWQXFOHDUH[WUDFWVRIKHDUWWLVVXH 
7RWDOFHOOXODU51$ZDVSXULILHGE\XVLQJWKH51HDV\NLWDQGWKHSURWRFROIRUILEURXV
WLVVXH4LDJHQ*PE++LOGHQ*HUPDQ\3ULRUWRJHQHDQDO\VHV51$TXDQWLW\ZDV
GHWHUPLQHG VSHFWURSKRWRPHWULFDOO\ 1DQR'URS  1DQR'URS SURGXFWV
:LOPLQJWRQ '( 86$ ZKLOH TXDOLW\ ZDV HYDOXDWHG E\ FDSLOODU\ HOHFWURSKRUHVLV
$JLOHQW%LRDQDO\]HU$JLOHQW7HFKQRORJLHV,QF6DQWD&ODUD&$86$51$
ZDV UHYHUVHO\ WUDQVFULEHG WR F'1$ LQ  O UHDFWLRQV XVLQJ 7DT0DQ 5HYHUVH
7UDQVFULSWLRQ5HDJHQWV $SSOLHG%LRV\VWHPV)RVWHU&LW\&$86$6DPSOHVZHUH
WUHDWHGZLWK51DVH LQKLELWRUV DVSDUW RI WKHSURWRFRO6HOHFWHGJHQHVZHUHDQDO\]HG
XVLQJ T3&5 $%, 35,60  +7 6HTXHQFH 'HWHFWLRQ 6\VWHP $SSOLHG

%LRV\VWHPV 5Q Cpt-Ib 5Q Ucp2 5Q Ucp3
5Q Pgc1α 5QBP Tfam 5QBP Nrf1
5Q Cd36 5Q Cact 5Q Fabp3 5Q
Acadvl 5Q Acadm 5Q Acads 5Q Pparα
5Q Pparδ 5Q Pparγ DQG 5QBP Fatp1 $OO
SULPHUSUREH VHTXHQFHV IRU WKH VWXGLHG JHQHV ZHUH REWDLQHG IURP $SSOLHG
%LRV\VWHPV 7KH 0,4( JXLGHOLQHV IRU T3&5 DQDO\VHV ZHUH XVHG ZKHQ VHOHFWLQJ
KRXVHNHHSLQJJHQHV>@
3.2.3 Statistical analyses 
7KH UHVXOWV ZHUH SUHVHQWHG DV PHDQV ZLWK WKHLU VWDQGDUG GHYLDWLRQV 6' IRU D
PLQLPXPRIHLJKWDQGDPD[LPXPRIILIWHHQUDWVSHUJURXS*HQHH[SUHVVLRQGDWDZDV
QRUPDOL]HGDJDLQVWWKHFRQWUROGLHWJURXS7KHORZIDWGLHWJURXSZDVH[FOXGHGIURP
WKH DQDO\VHV DV WKLV JURXS ZDV QRW FRPSDUDEOH WR WKH 77$ DQG )2LQWHUYHQWLRQ
JURXSV'DWDZDVHYDOXDWHGE\WZRZD\DQDO\VLVRIYDULDQFH$129$IRUWUHDWPHQW
DGGLWLYLW\DQGV\QHUJ\>@5HVXOWVZHUHQRWDGMXVWHGIRUPXOWLSOHFRPSDULVRQVDQG
WKXVPYDOXHVZHUHFRQVLGHUHGVLJQLILFDQW6WDWLVWLFVZHUHSHUIRUPHGE\XVLQJ
3$6:6WDWLVWLFVIRU:LQGRZVYHUVLRQ6366,QF&KLFDJR,/86$



 
3.3 Methodological considerations
3.3.1 Human studies 
7KH VWXGLHG FRKRUW Paper 1 and 2 ZDV ODUJH DQG ZHOOFKDUDFWHUL]HG ZLWK KLJK
DFFXUDF\LQGDWDFROOHFWLRQLQFOXGLQJDQJLRJUDSKLFH[DPLQDWLRQRI&$'DQGDORQJ
WHUP IROORZXSZLWK UHVSHFW WR FOLQLFDO HQGSRLQWV%HLQJ D SURVSHFWLYH FRKRUW VWXG\
DPRQJ SDWLHQWV ZLWK VWDEOH DQJLQD SDUWLFLSDQWV ZHUH OLNHO\ WR KDYH VWDEOH GLHWDU\
KDELWVZKLFKPLJKWSURYLGHDPRUHFRUUHFWSLFWXUHRIVXVWDLQHGGLHWDU\LQWDNHGXULQJ
IROORZXS FRPSDUHG ZLWK SDWLHQWV VXIIHULQJ DQ $&6 2Q WKH RWKHU KDQG UHVXOWV
REWDLQHG LQ WKLVSDWLHQWFRKRUWGRQRWDXWRPDWLFDOO\DSSO\ WR WKHJHQHUDOSRSXODWLRQ
1RWDEO\VLQFHPRVWSUHYLRXVVWXGLHVKDYHEDVHGWKHLUUHVXOWVRQFLUFXODWLQJOHYHOVRI
Q/&38)$VDQGVLQFHPDQ\VWXGLHVKDYHEHHQGRQHRQSDWLHQWJURXSVQRWUHFHLYLQJ
VWDWLQVGDWDLVVFDUFHRQWKHDVVRFLDWLRQEHWZHHQGLHWDU\LQWDNHRIQ/&38)$DQG
$0,LQSDWLHQWVZLWK&$'ZKRDUHWUHDWHGZLWKVWDWLQV2XUVWXG\KDGOLPLWHGSRZHU
WR GHWHFW VLJQLILFDQW HIIHFWV GXH WR D ORZHU HYHQW UDWH WKDQ H[SHFWHG DQG IRU WKLV
UHDVRQZHFDQQRWH[FOXGH WKHSRVVLELOLW\RI IDOVHQHJDWLYH W\SH,,HUURURUSRVLWLYH
W\SH , HUURU UHVXOWV 7KLV LV SDUWLFXODUO\ DSSOLFDEOH IRU WKH QRQGLDEHWHV JURXS LQ
Paper 2
2EVHUYDWLRQDOVWXGLHVOLNHWKHFXUUHQWLQYHVWLJDWLRQDUHIUHTXHQWO\DSSOLHGLQRUGHUWR
YDOLGDWH UHVXOWV IURP UDQGRPL]HG FRQWUROOHG WULDOV LQ OHVV VHOHFWLYH SRSXODWLRQV
LQYHVWLJDWHVXEJURXSVRILQWHUHVWDQGJHQHUDWHQHZK\SRWKHVHVDVDEDVLVIRUIXUWKHU
VWXGLHV >@6LQFH WKHH[SRVXUHYDULDEOHV LQ WKLVFRKRUWZHUHPHDVXUHGDWEDVHOLQH
RQO\ZKLOH WKHRXWFRPHHYHQWVRFFXUUHGXSWRVHYHUDO\HDUVDIWHU LW LVSRVVLEOH WKDW
WKHH[SRVXUHVWDWXVPLJKWKDYHFKDQJHGGXULQJ WKLVSHULRG UHVXOWLQJ LQDUHJUHVVLRQ
GLOXWLRQ ELDV >@ ,Q RUGHU WR FRUUHFW IRU WKLV ZH ZRXOG KDYH QHHGHG PXOWLSOH
PHDVXUHPHQWV RYHU WLPH 7KXV ZH FDQQRW UXOH RXW WKDW HVWLPDWHVPLJKW KDYH EHHQ
ELDVHG DQG WKXV WKH HIIHFWV FRXOG EH XQGHU RU RYHUHVWLPDWHG %\ VWXG\LQJ
FKDUDFWHULVWLFV LQ WKH WRWDO SRSXODWLRQ RI ))4 UHVSRQGHQWV DQG QRQUHVSRQGHQWV DV
GHVFULEHG LQPaper 1 LW VHHPHG WKDW SDWLHQWVZLWK VWDEOH DQJLQD ERWK KDG WKHPRVW

IUHTXHQW ))4 UHVSRQVH UDWH DQG WKH KLJKHVW Q/&38)$ LQWDNH7KXV VLQFH WKHVH
ZHUH SDWLHQWV ZLWK PRVWO\ VWDEOH DQJLQD DQG DOUHDG\ HVWDEOLVKHG &$' LW FDQ EH
DVVXPHG WKDW DQ\ FKDQJHV LQ GLHWDU\ KDELWV GXH WRNQRZQKHDUW GLVHDVHKDGDOUHDG\
EHHQ HVWDEOLVKHG DW VWXG\ VWDUW >@+RZHYHU LQFUHDVHG LQWDNHV RI Q/&38)$V
FRPELQHGZLWKRWKHUOLIHVW\OHIDFWRUVOLNHSK\VLFDODFWLYLW\ZRXOGDOWRJHWKHUDIIHFWWKH
UHVXOWV )RU WKLV UHDVRQ ZH FDQQRW H[FOXGH UHYHUVH FDXVDOLW\ RU FRQIRXQGLQJ IURP
LQDSSURSULDWHO\ FODULILHG RU XQUHYHDOHG ULVN IDFWRUV RU OLIHVW\OH KDELWV LQ WKLV VWXG\
GHVSLWH FDUHIXO DGMXVWPHQWV IRU LPSRUWDQW FRYDULDWHV $V WKHVH SDWLHQWV ZHUH DOO
SDUWLFLSDQWV LQ:(1%,7D%YLWDPLQ LQWHUYHQWLRQ WULDO LWZDVQHFHVVDU\ WR UXOHRXW
WKH SRVVLELOLW\ RI WUHDWPHQW ZLWK IROLF DFLGYLWDPLQ % RU YLWDPLQ % DV SRWHQWLDO
FRQIRXQGHUV$GMXVWPHQWVIRU%YLWDPLQLQWHUYHQWLRQLQWKHVXUYLYDODQDO\VHVGLGQRW
DIIHFW WKH RXWFRPH )XUWKHUPRUH  RI WKH SDWLHQWV ZHUH WUHDWHG ZLWK VWDWLQV $
PRGLI\LQJ HIIHFW E\ VWDWLQV RQ Q /&38)$ VXSSOHPHQWDWLRQ KDV SUHYLRXVO\ EHHQ
LQYHVWLJDWHGZKHUHQRDGGLWLRQDOEHQHILWVFRXOGEH IRXQGRQ WRSRIVWDWLQ WUHDWPHQW
>@$OWKRXJKZH FDQQRW UXOHRXW VXFKDQ HIIHFWPRGLILFDWLRQ DGMXVWPHQW IRU WKH
HIIHFWLYHGRVHRIVWDWLQWUHDWPHQWH[SHFWHGUHGXFWLRQLQ/'/RIWKHDFWXDOW\SHDQG
GRVHRIVWDWLQGLGQRWFKDQJHWKHRXWFRPHGDWDQRWVKRZQ
:KLOH VHOHFWLRQ ELDV PLJKW EH D SRWHQWLDO SUREOHP LQ REVHUYDWLRQDO VWXGLHV
UDQGRPL]HG FRQWUROOHG WULDOV DUH GHVLJQHG WR HOLPLQDWH VXFK ELDV +RZHYHU ZKHQ
REVHUYDWLRQDOVWXGLHVDUHSURSHUO\GHVLJQHGWKHUHVHHPWREHQRPDMRUGLIIHUHQFHVLQ
RXWFRPH DV FRPSDUHG WR UHODWHG UDQGRPL]HG FRQWUROOHG WULDOV >@ :KHUHDV
UDQGRPL]HG FRQWUROOHG WULDOV DUH W\SLFDOO\ OLPLWHG E\ HWKLFDO UXOHV WR DYRLG PDMRU
DGYHUVH HIIHFWV REVHUYDWLRQDO VWXGLHV GR QRW KDYH WKH VDPH HWKLFDO FKDOOHQJHV 7KH
FXUUHQWVWXG\ZDVSHUIRUPHGLQDFRKRUWZLWKH[WHQVLYHGDWDFROOHFWLRQDQGIROORZXS
UHGXFLQJWKHFRQIRXQGLQJVHOHFWLRQELDVWRDPLQLPXP$0,ZDVFKRVHQDVWKHPDLQ
HQGSRLQWRIWKHVXEJURXSDQDO\VLVLQPaper 2DOWKRXJKWKHRXWFRPHUDWHZDVRYHUDOO
ORZ 8VLQJ D FRPSRVLWH HQGSRLQW DV LQ Paper 1 LQFUHDVHV WKH QXPEHU RI HYHQWV
+RZHYHULWKDVEHHQVWDWHGWKDWFRPSRVLWHHQGSRLQWVPLJKWLQJHQHUDOEHLQDGHTXDWH
VLQFHWKHUHVXOWVDSSO\WRWKHLQGLYLGXDOFRPSRQHQWVRIWKHHQGSRLQW>@
 
7KH XVH RI VXEJURXS DQDO\VHVPD\ EH FRQWHQWLRXV$OWKRXJK WKHUHPD\ EH OLPLWHG
UHOLDELOLW\RIVXEJURXSDQDO\VHVLQJHQHUDOGXHWRDULVNRIELDVZHKDYHLPSRUWDQW
UHDVRQV IRU SHUIRUPLQJ VXFK DQDO\VHV LQ WKLV SURVSHFWLYH VWXG\ $ VROLG FOLQLFDO
K\SRWKHVLVVXSSRUWHGE\LQWHUQDODQGH[WHUQDOHYLGHQFHDQG3ODXVLEOHSUHGHILQHG
VXEJURXSVGLUHFWO\UHODWHGWRWKHK\SRWKHVHVDQGDLPV:HGLGQRWSHUIRUPPXOWLSOH
WHVWLQJ DGGLWLRQDO WR WKHVH K\SRWKHVHV LQ OLQH ZLWK DUWLFOHV GLVFXVVLQJ WKLV WRSLF
>@
'XHWRUHVRXUFHFRQVWUDLQWV))4VZHUHQRWFKHFNHGIRUHUURUVZKHQUHFHLYHGDWWKH
VWXG\ FHQWHU DQG SDUWLFLSDQWV ZLWK H[WUHPH YDOXHV RU SDUWLDOO\ PLVVLQJ UHSRUWHG
LQWDNHVZHUH H[FOXGHG DKHDG RI WKH FXUUHQW VWXGLHV+RZHYHU WKH HVWLPDWHG GLHWDU\
LQWDNHV ZHUH FRPSDUDEOH WR SUHYLRXV VXUYH\V LQ WKH UHJLRQ XVLQJ WKH VDPH
TXHVWLRQQDLUH>@   
6HUXP ZDV XVHG IRU WKH )$ DQDO\VHV :LWKLQGD\ FRHIILFLHQW RI YDULDWLRQ GLG QRW
H[FHHGIRUDQ\)$PDNLQJWKHDQDO\VHVDFFXUDWH,QSULQFLSOHVHUXP)$SURILOH
UHIOHFWVWKHGLHWDU\LQWDNHFRUUHVSRQGLQJWRWKHODWHVWPHDOEHIRUHEORRGVDPSOLQJ>@
7KXVPHDVXULQJSDUDPHWHUVOLNH)$FRPSRVLWLRQDQG+E$FGXULQJIROORZXSZRXOG
KDYH EHHQ YHU\ XVHIXO WR FRQILUP WKDW D VLPLODU SDWWHUQ FRXOG EH GHWHFWHG
8QIRUWXQDWHO\GXHWRFRVWDQGFDSDFLW\UHDVRQVWKLVZDVQRWSULRULWL]HG$OWRJHWKHU
DQ\ FKDQJHV LQ SDWLHQW VWDWXV OLNHGLHW OLIHVW\OH DQGPHGLFDWLRQVGXULQJ IROORZXS
ZRXOGSRWHQWLDOO\LQIOXHQFHWKHRXWFRPH)RURSWLPL]DWLRQRI)$FRPSRVLWLRQUHVXOWV
DQDO\VHVPLJKWKDYHEHHQSHUIRUPHGLQHU\WKURF\WHVEHFDXVHRIWKHLUVORZHUWXUQRYHU
UDWH FRPSDUHG WR OLSRSURWHLQV LQ VHUXP 7KXV HU\WKURF\WH VDPSOHV KDYH EHHQ
VXJJHVWHGWRPRUHOLNHO\UHVHPEOHWKHORQJWHUP)$LQWDNHDVFRPSDUHGWRLWVVHUXP
YDOXHV>@)XUWKHUPRUHZHGLGQRWKDYHVHUXP)$FRPSRVLWLRQGDWDRQWKHHQWLUH
VWXG\SRSXODWLRQ7KXV ULVNDVVHVVPHQWZDVEDVHGRQGLHWDU\GDWD0RUHRYHU VLQFH
WKH PDMRULW\ RI WKH SDWLHQWV LQ WKH VWXGLHG FRKRUW XVHG VWDWLQV ZKLFK VLJQLILFDQWO\
LQIOXHQFHWKH)$SURILOHLQSODVPD>@)$FRPSRVLWLRQZDVDGMXVWHGDFFRUGLQJWR
VWDWLQGRVHEHIRUHSUHVHQWLQJWKHUHVXOWV

3.3.2 Animal study 
7KHDQLPDOVLQWKLVWKHVLVZHUHSDUWRIDODUJHUVWXG\>@ZKLFKLQFOXGHGDMHMXQR
JDVWULF UHIOX[ VXUJLFDO SURFHGXUH $ VHSDUDWH H[SHULPHQW HQGXULQJ  ZHHNV ZHUH
GRQHFRPSDULQJDQLPDOVZLWKDQGZLWKRXWRSHUDWLRQWRPDNHVXUHWKDWWKHSURFHGXUH
GLG QRW DIIHFW WKH QXWULWLRQDO VWDWH LQ WKH DQLPDOV 7KHUHZDV QR GLIIHUHQFH LQ ERG\
ZHLJKW RU SODVPD OLSLGV EHWZHHQ WKH WZR JURXSV GDWD QRW VKRZQ DQG WKXV LWZDV
DVVXPHGWKDWWKHRSHUDWLRQKDGQRDGYHUVHHIIHFWVUHJDUGLQJQXWULWLRQ
7KHIROORZLQJKRXVHNHHSLQJJHQHVZHUHLQFOXGHGLQJHQHDQDO\VHV+VBV
18S (XURJHQWHF 6$ 6HUDLQJ %HOJLXP 5QBV Gapdh $SSOLHG
%LRV\VWHPV DQG 5QBJ Arbp $SSOLHG %LRV\VWHPV 7KH 18S KRXVH
NHHSLQJ JHQH ZDV IRXQG WR EH WKH PRVW FRQVLVWHQW EHWZHHQ WKH GLHW JURXSV XVLQJ
JH1RUP>@DQGZDVVHOHFWHGIRUQRUPDOL]LQJWKHH[SUHVVLRQYDOXHRIHDFKJHQHLQ
DOOVDPSOHV

 
4. Main results
4.1 Paper 1
,Q WKLV VWXG\DPRQJSDWLHQWVZLWK&$'PHDQDJHZDV\HDUVDQG
ZHUHPHQ7KHUHZHUHZLWKVWDEOHDQJLQDSHFWRULVZLWK$&6DQG
ZLWK DRUWLF YDOYH VWHQRVLV DW EDVHOLQH DQJLRJUDSK\ 7KH PDMRULW\ RI SDUWLFLSDQWV
UHFHLYHGILUVWOLQHWUHDWPHQWZLWKDFHW\OVDOLF\OLFDFLGDQGVWDWLQV
0HDQ6'GDLO\GLHWDU\LQWDNHVRIQ/&38)$VDQGWRWDOILVKDFURVVTXDUWLOHVRI
Q/&38)$IRRWQRWHRUWRWDOILVKIRRWQRWHLQWDNHZHUHDVVKRZQLQTable 4
,QWDNHV RI RLO\ ILVK DVZHOO DV )2 DQG FRG OLYHU RLO VXSSOHPHQWV LQFUHDVHG DFURVV
TXDUWLOHVRIQ/&38)$LQWDNH
Table 4. Daily dietary intakes by quartiles
Quartile 1 Quartile 2 Quartile 3 Quartile 4
Q/&38)$V7(    
Q/&38)$VJ    
7RWDOILVKJ    
7RWDOILVKJ    
$EEUHYLDWLRQVQ/&38)$VQORQJFKDLQSRO\XQVDWXUDWHGIDWW\DFLGV7(SHUFHQWDJHRIWRWDO
HQHUJ\
%\TXDUWLOHVRIQ/&38)$LQWDNH7(
%\TXDUWLOHVRIWRWDOILVKLQWDNHJ
0HDQ6'DOOVXFKYDOXHV

'XULQJDPHGLDQWKWKSHUFHQWLOHVIROORZXSRIPRQWKVSDWLHQWV
H[SHULHQFHGDFRURQDU\HYHQWSDWLHQWVGLHGFDVHVZHUHFRURQDU\GHDWK
KDG DQ $0, DQG  SDWLHQWV ZLWK VWDEOH DQJLQD KDG DQ DQJLRJUDSKLF YHULILHG
SURJUHVVLRQRIWKHLU&$'


Table 5. Hazard ratios (and 95% CIs)1 for coronary events by quartiles of n-3 long-chain 
polyunsaturated fatty acids (LCPUFAs) (%TE) and fish (g)
Intake of n-3 LCPUFA2 Total fish3 Lean fish4 Oily fish5 Processed fish6
Age- and sex-
adjusted     
4XDUWLOH     
4XDUWLOH     
4XDUWLOH     
4XDUWLOH     
P IRUWUHQG     
Multivariate7     
4XDUWLOH     
4XDUWLOH     
4XDUWLOH     
4XDUWLOH     
P IRUWUHQG     
+D]DUGUDWLRVDQG&,VZHUHFDOFXODWHGE\XVLQJ&R[SURSRUWLRQDOKD]DUGV
&RPELQHGHLFRVDSHQWDHQRLFGRFRVDSHQWDHQRLFDQGGRFRVDKH[DHQRLFDFLGV
7RWDORIOHDQRLO\SURFHVVHGDQGXQVSHFLILHGILVKLQDGGLWLRQWRVKHOOILVKDQGILVKVDQGZLFK
&RPELQHGFRGSROORFNDQGKDGGRFN
&RPELQHG KHUULQJ LQFOXGHG SLFNOHGPDFNHUHO LQFOXGHG VPRNHG DQG LQ WRPDWR VDXFH VDOPRQ
WURXWVDUGLQHVDQFKRYLHVRUVLPLODU
&RPELQHGILVKFDNHVILVKSXGGLQJILVKEDOOVILVKVWLFNVILVKVWHZILVKVRXSDQGILVKJUDWLQ
0XOWLYDULDWH PRGHO DGMXVWHG IRU DJH FRQWLQXRXV VH[ OHIW YHQWULFXODU HMHFWLRQ IUDFWLRQ
FRQWLQXRXVGLDEHWHVPHOOLWXV\HVRUQRK\SHUWHQVLRQ\HVRUQRFXUUHQWVPRNHUVWLOOVPRNLQJDW
EDVHOLQHRUPRQWKVLQFHTXLWWLQJDFXWHFRURQDU\V\QGURPH\HVRUQRDQGFXUUHQWXVHRIVWDWLQV
7KH DJH DQG VH[DGMXVWHG ULVNRI KDYLQJD FRURQDU\ HYHQWZDVDQG
ORZHUIRUSDWLHQWVLQTXDUWLOHVDQGRIQ/&38)$VUHVSHFWLYHO\FRPSDUHGWR
WKH ORZHVW TXDUWLOH ZLWKRXW DQ\ VLJQLILFDQW RU GRVHUHVSRQVH UHODWLRQV Table 5
:KHQ FRPSDULQJ TXDUWLOHV ± FRPELQHG ZLWK TXDUWLOH  WKHUH ZDV D  ULVN
UHGXFWLRQP +5VZHUHQRWDSSUHFLDEO\FKDQJHGDIWHUPXOWLYDULDWHDGMXVWPHQWV
7KHUH ZHUH QR DVVRFLDWLRQV EHWZHHQ LQWDNH RI Q /&38)$V DQG DOOFDXVH RU
FRURQDU\ PRUWDOLW\ RU $0, )XUWKHUPRUH WKHUH ZDV QR DVVRFLDWLRQ EHWZHHQ Q
/&38)$ LQWDNH DQG ULVN RI YHULILHG SURJUHVVLRQ RI &$' LQ SDWLHQWV ZLWK VWDEOH
DQJLQD $ SRVW KRF DGGLWLYH SURSRUWLRQDO KD]DUGV PRGHO LQGLFDWHG D VWDWLVWLFDOO\
 
VLJQLILFDQW LQFUHDVHG ULVNDW WKHYHU\ ORZHVWHQGHTXLYDOHQW WRDGDLO\ LQWDNHRIQ
/&38)$VEHORZDSSUR[LPDWHO\PJ
1RDVVRFLDWLRQV FRXOGEH VHHQEHWZHHQ ILVK LQWDNH WRWDO OHDQ RLO\ RUSURFHVVHG
ILVKLQJGD\DQGFRURQDU\HYHQWVTable 5RUDQ\RWKHUVWXGLHGRXWFRPH6LPLODUO\
ULVNRIFRURQDU\HYHQWVGLGQRWGLIIHUEHWZHHQXVHUVDQGQRQXVHUVRI)2RUFRGOLYHU
RLO
4.2 Paper 2
7KHVWXG\SRSXODWLRQFRPSULVHGSDWLHQWVZLWK+E$FGDWDZKHUHKDG
W\SH  DQG   W\SH  GLDEHWHV HLWKHU FOLQLFDOO\ GLDJQRVHG RU GHWHUPLQHG
DFFRUGLQJ WR IDVWLQJ EDVHOLQH VHUXP JOXFRVH  RU D QRQIDVWLQJ JOXFRVH 
PPRO/EHIRUHDQJLRJUDSK\7KLVVWXG\FRKRUWKDGYHU\VLPLODUFKDUDFWHULVWLFVWRWKH
RQH LQPaper 1EHLQJ WKH VDPHFRKRUW H[FHSW IURPSDWLHQWVZKRZHUHH[FOXGHG
GXH WR PLVVLQJ +E$F GDWD0HDQ  6' GDLO\ GLHWDU\ LQWDNHV RI Q /&38)$V
LQFOXGLQJ VXSSOHPHQWV DPRQJ DOO  SDUWLFLSDQWVZHUH   
DQGJGD\IRUWHUWLOHVUHVSHFWLYHO\
6HUXP )$ SURILOHV ZHUH HYDOXDWHG DPRQJ  SDWLHQWV 7KHUH ZDV D VWURQJ
DVVRFLDWLRQ EHWZHHQ LQWDNH DQG VHUXP OHYHOV RI WRWDO Q /&38)$V UKR 
P 7KHUHZDV QR GLIIHUHQFH LQPHDQ VHUXP OHYHOV RI WRWDO RU LQGLYLGXDO Q
/&38)$VEHWZHHQWKHWKUHHVXEJURXSV
'XULQJ D PHDQ  6' IROORZXS RI    \HDUV D WRWDO RI  SDUWLFLSDQWV
 H[SHULHQFHG D IDWDO RU QRQIDWDO $0, ,QWDNH RI Q /&38)$VZDV HQHUJ\
DGMXVWHGDQGJLYHQDV7(LQWKHDQDO\VHV
,Q VXEJURXSV  SDWLHQWV ZHUH FODVVLILHG ZLWK QRQGLDEHWHV  SDWLHQWV ZLWK
SUHGLDEHWHVDQGSDWLHQWVZLWKGLDEHWHV,QQRQGLDEHWLFSDWLHQWVWKHUHZDVDQRQ
VLJQLILFDQWWUHQGWRZDUGVDQLQFUHDVHGULVNRIH[SHULHQFLQJDQ$0,ZLWKQ/&38)$
LQWDNHV FRUUHVSRQGLQJ WR WKH XSSHU YV ORZHU WHUWLOH 1R DVVRFLDWLRQV ZHUH VHHQ

EHWZHHQ WHUWLOHV RI Q /&38)$ FRQVXPSWLRQ DQG ULVN RI $0, LQ SUHGLDEHWLF
SDWLHQWVDQGUHVWULFWLQJWKHDQDO\VLVWRSDWLHQWVZLWK+E$FQ SURYLGHG
VLPLODU UHVXOWV Table 6 $PRQJ SDWLHQWV ZLWK GLDEHWHV WKHUH ZDV D VLJQLILFDQWO\
UHGXFHG ULVNRIH[SHULHQFLQJDQ$0, LQ WKHXSSHUYV ORZHU WHUWLOHRIQ/&38)$
LQWDNHV P ZLWK D GRVHUHVSRQVH UHODWLRQ P IRU WUHQG $GGLQJSDWLHQWV
ZLWK+E$FWRWKHGLDEHWHVJURXSFOHDUO\ZHDNHQHGWKHUHVXOWVTable 6

Table 6. Hazard ratios (and 95% CIs) for acute myocardial infarction (fatal and non-fatal) by 
tertiles of dietary n-3 LCPUFA (%TE)1
423 patients with 
HbA1c ≥6.5%2
740 patients with
diabetes or HbA1c ≥6.5%3
Age/sex adjusted Multivariate4 Age/sex adjusted Multivariate4
1XPEHURIHYHQWV  
7HUWLOH    
7HUWLOH    
7HUWLOH    
P IRUWUHQG    
/&38)$ ORQJFKDLQSRO\XQVDWXUDWHG IDWW\ DFLGV7(SHUFHQWDJHRI WRWDOHQHUJ\+D]DUG UDWLRV
DQG&,VZHUHFDOFXODWHGE\XVLQJ&R[SURSRUWLRQDOKD]DUGV
6XEJURXSGHILQHG DV WKRVHZLWK+E$F  EXWZLWK D IDVWLQJJOXFRVHRU DQRQIDVWLQJ
JOXFRVHPPRO/DQGQRSUHYLRXVO\GLDJQRVHGGLDEHWHV
6XEJURXSGHILQHGDVFOLQLFDOO\GLDJQRVHGGLDEHWHVKDYLQJDIDVWLQJJOXFRVHRUDQRQIDVWLQJ
JOXFRVHPPRO/RUKDYLQJ+E$F
0XOWLYDULDWHPRGHODGMXVWHG IRUDJH FRQWLQXRXVVH[ IDVWLQJ\HVRUQRFXUUHQWVPRNHU\HVRU
QR H[WHQW RI FRURQDU\ DUWHU\ GLVHDVH QRQVLJQLILFDQW VLQJOH GRXEOH RU WULSOH YHVVHO OHIW
YHQWULFXODU HMHFWLRQ IUDFWLRQ FRQWLQXRXV WULJO\FHULGH OHYHOV FRQWLQXRXV EDVHOLQH DFXWH FRURQDU\
V\QGURPH \HV RU QR EDVHOLQH SHUFXWDQHRXV FRURQDU\ LQWHUYHQWLRQ \HV RU QR EDVHOLQH FRURQDU\
DUWHU\E\SDVVJUDIWVXUJHU\\HVRUQRDQGWUHDWPHQWZLWKIROLFDFLGRUYLWDPLQ%VXSSOHPHQWV\HV
RUQR
7KHQXPEHURISDWLHQWV LQ WHUWLOHRIQ/&38)$ZDV LQ WKHVXEJURXSZLWKD WRWDORI
SDWLHQWVDQGLQWKHVXEJURXSZLWKDWRWDORISDWLHQWV
7KHQXPEHURISDWLHQWV LQ WHUWLOHRIQ/&38)$ZDV LQ WKHVXEJURXSZLWKD WRWDORI
SDWLHQWVDQGLQWKHVXEJURXSZLWKDWRWDORISDWLHQWV
7KH QXPEHU RI SDWLHQWV WHUWLOH  RI Q /&38)$ZDV  LQ WKH VXEJURXSZLWK D WRWDO RI 
SDWLHQWVDQGLQWKHVXEJURXSZLWKDWRWDORISDWLHQWV
$OVR D VHSDUDWH DQDO\VLV LQFOXGLQJ WKH  SDWLHQWVZKRZHUH SUHYLRXVO\ FOLQLFDOO\
GLDJQRVHGZLWKGLDEHWHVUHJDUGOHVVRIEDVHOLQHEORRGJOXFRVHOHYHOVGLGQRWFKDQJH
WKH UHVXOW Table 7 7KH GLDEHWHV VXEJURXS WHQGHG WR KDYH DQ LQFUHDVHG Q
 
/&38)$ LQWDNH FRPSDUHG WR WKHRWKHUV DQG WKXV DQDO\VLVZDV UHSHDWHGXVLQJ WRWDO
SRSXODWLRQEDVHGWHUWLOHVSURYLGLQJVLPLODUUHVXOWVTable 7

Table 7. Hazard ratios (and 95% CIs) for acute myocardial infarction (fatal and non-fatal) by 
tertiles of dietary n-3 LCPUFA (%TE)1
Diabetes (n=258)2 Diabetes (n=317)3
Age/sex adjusted Multivariate4 Age/sex adjusted Multivariate4
1XPEHURIHYHQWV  
7HUWLOH    
7HUWLOH    
7HUWLOH    
P IRUWUHQG    
/&38)$ ORQJFKDLQSRO\XQVDWXUDWHG IDWW\ DFLGV7(SHUFHQWDJHRI WRWDOHQHUJ\+D]DUG UDWLRV
DQG&,VZHUHFDOFXODWHGE\XVLQJ&R[SURSRUWLRQDOKD]DUGV
'LDEHWHVGHILQHGDVFOLQLFDOO\GLDJQRVHG
'LDEHWHV GHILQHG DV FOLQLFDOO\ GLDJQRVHG RU DV KDYLQJ D IDVWLQJ JOXFRVH  RU D QRQIDVWLQJ
JOXFRVHPPRO/ZLWKQ/&38)$WHUWLOHVEDVHGRQWKHWRWDOVWXG\SRSXODWLRQQ 
0XOWLYDULDWHPRGHODGMXVWHG IRUDJH FRQWLQXRXVVH[ IDVWLQJ\HVRUQRFXUUHQWVPRNHU\HVRU
QR H[WHQW RI FRURQDU\ DUWHU\ GLVHDVH QRQVLJQLILFDQW VLQJOH GRXEOH RU WULSOH YHVVHO OHIW
YHQWULFXODU HMHFWLRQ IUDFWLRQ FRQWLQXRXV WULJO\FHULGH OHYHOV FRQWLQXRXV EDVHOLQH DFXWH FRURQDU\
V\QGURPH \HV RU QR EDVHOLQH SHUFXWDQHRXV FRURQDU\ LQWHUYHQWLRQ \HV RU QR EDVHOLQH FRURQDU\
DUWHU\E\SDVVJUDIWVXUJHU\\HVRUQRDQGWUHDWPHQWZLWKIROLFDFLGRUYLWDPLQ%VXSSOHPHQWV\HV
RUQR
7KH QXPEHU RI SDWLHQWV LQ WHUWLOH  RI Q/&38)$ZDV  LQ WKH VXEJURXSZLWK D WRWDO RI
SDWLHQWVDQGLQWKHVXEJURXSZLWKDWRWDORISDWLHQWV
7KH QXPEHU RI SDWLHQWV LQ WHUWLOH  RI Q/&38)$ZDV  LQ WKH VXEJURXSZLWK D WRWDO RI 
SDWLHQWVDQGLQWKHVXEJURXSRISDWLHQWV
7KH QXPEHU RI SDWLHQWV LQ WHUWLOH  RI Q/&38)$ZDV  LQ WKH VXEJURXSZLWK D WRWDO RI 
SDWLHQWVDQGLQWKHVXEJURXSRISDWLHQWV
:KHQGRLQJ VHSDUDWH DQDO\VHVRQ IDWDO DQGQRQIDWDO$0,V WKHUHZDVDQDOPRVW
IROG VLJQLILFDQWO\ LQFUHDVHG ULVN RI IDWDO $0, LQ WKH XSSHU YV ORZHU WHUWLOH RI Q
/&38)$ LQWDNHV P IRU WUHQG  LQ QRQGLDEHWLF SDWLHQWV EXW D VLJQLILFDQW
UHGXFWLRQ E\  LQ WKH XSSHU YV ORZHU WHUWLOH P IRU WUHQG  LQ SDWLHQWVZLWK
GLDEHWHV7KHUHZHUH QR VLJQLILFDQW ULVN DVVRFLDWLRQV IRU QRQIDWDO$0, LQ DQ\ VXE
JURXS
,QWHUHVWLQJO\ LQ WKH QRQGLDEHWLF VXEJURXS PHDQ  6' +E$F OHYHOV ZHUH
VLJQLILFDQWO\ORZHULQWHUWLOHVP DQGP FRPSDUHGWRWHUWLOHRIQ

/&38)$ LQWDNHV    DQG    YV    UHVSHFWLYHO\
)XUWKHUPRUHQRQGLDEHWLFSDWLHQWVZKRH[SHULHQFHGDQ$0,KDGVLJQLILFDQWO\ORZHU
PHDQ+E$FOHYHOVFRPSDUHGWRWKRVHZKRGLGQRWH[SHULHQFHDQ$0,
YV   P  7KLV DVVRFLDWLRQZDV VWUHQJWKHQHG DQGPRUH SURQRXQFHG
DPRQJ WKRVHZKRKDGD IDWDO$0,HYHQW YVP 1R
VXFKGLIIHUHQFHVZHUHREVHUYHGLQWKRVHZLWKSUHGLDEHWHVRUGLDEHWHV
4.3 Paper 3
$WVWXG\VWDUWPHDQ6'ZHLJKWRIWKHDQLPDOVZDVJ$QLPDOVWUHDWHG
ZLWK77$JDLQHGOHVVZHLJKWGXULQJWKHVWXG\FRPSDUHGWRWKRVHQRWUHFHLYLQJ77$
P$IWHUZHHNVRIIROORZXSQRFKDQJHVFRXOGEHVHHQLQFDUGLDF7*DIWHU
77$ RU )2 WUHDWPHQW 7KHUH ZHUH VLJQLILFDQWO\ LQFUHDVHG OHYHOV RI WRWDO FDUGLDF
FKROHVWHURODIWHU77$WUHDWPHQWPHDQ6'YVPROJKHDUW
WLVVXH S DQG RI FDUGLDF SKRVSKROLSLGV DIWHU )2 WUHDWPHQW    YV
PROJKHDUWWLVVXHSFRPSDUHGWRFRQWURO
7KHUHZHUH VHYHUDO FKDQJHV LQERWK FDUGLDFDQGKHSDWLF)$V IROORZLQJ77$DQGRU
)2 DGPLQLVWUDWLRQ ,Q KHDUW WRWDO )$V DQG PHDG DFLG 0$ &Q ZHUH
VLJQLILFDQWO\ LQFUHDVHG ZKLOH WRWDO 6)$V DQG $5$ ZHUH GHFUHDVHG DIWHU 77$
WUHDWPHQW08)$VDQG0$ZHUHVLJQLILFDQWO\GHFUHDVHGIROORZLQJ)2WUHDWPHQW7KH
QQ38)$UDWLRDVZHOODV(3$DQG'+$ZDVVLJQLILFDQWO\LQFUHDVHGDIWHU77$
DQG )2 WUHDWPHQW &DUGLDF '3$ ZHUH LQFUHDVHG IROORZLQJ 77$ WUHDWPHQW DQG
GHFUHDVHG IROORZLQJ )2 WUHDWPHQW )$PHDVXUHPHQWV LQ OLYHU VKRZHG D VLJQLILFDQW
LQFUHDVH LQ & WRWDO 08)$V DQG0$ DQG D GHFUHDVH LQ & DQG WRWDO Q
38)$VDIWHUGLHWDU\LQWHUYHQWLRQZLWK77$7RWDO6)$VWRWDO08)$V0$DQGWRWDO
Q38)$VZHUHGHFUHDVHGLQOLYHURIUDWVWUHDWHGZLWK)2,QFRQWUDVWWRWKHLQFUHDVH
LQFDUGLDFQ38)$VWKHVH)$VZHUHVLJQLILFDQWO\GHFUHDVHGLQOLYHUIROORZLQJ77$
WUHDWPHQWEXWLQFUHDVHGDIWHU)2WUHDWPHQW
 
&KDQJHV LQ FDUGLDF DFWLYLW\ RI NH\ PHWDEROLF HQ]\PHV ZHUH DVVRFLDWHG ZLWK 77$
WUHDWPHQW LQFOXGLQJ UHGXFHG DFWLYLW\ RI &37, DQG LQFUHDVHG DFWLYLWLHV RI &37,,
$&2; *3$7 DQG )$6 (Q]\PH DFWLYLWLHV RI $&2; DQG *3$7 ZHUH DOVR
VLJQLILFDQWO\LQFUHDVHGE\)2WUHDWPHQW
&DUGLDFH[SUHVVLRQRIVHYHUDO33$5WDUJHWHGJHQHVZDVDIIHFWHGE\WKHLQWHUYHQWLRQ
Cpt-Ib LVRIRUP RI Cpt-I H[SUHVVHG LQ PXVFOH Ucp3 HQFRGLQJ WKH XQFRXSOLQJ
SURWHLQ  DQG Cact P51$V ZHUH XSUHJXODWHG ZKLOH Ucp2 Pparδ DQG Pparγ
P51$V ZHUH GRZQUHJXODWHG DIWHU 77$ DGPLQLVWUDWLRQ Cpt-Ib DQG Fatp1 ZHUH
XSUHJXODWHGDIWHU)2DGPLQLVWUDWLRQ$OODERYHPHQWLRQHGHIIHFWVRI77$DQGRU)2
LQWHUYHQWLRQ RQ )$ FRPSRVLWLRQ HQ]\PH DFWLYLWLHV DQG JHQH H[SUHVVLRQ ZHUH
VLJQLILFDQWDWWKHOHYHOE\WZRZD\$129$


5. Discussion
7KHPDLQIRFXVRIWKLVWKHVLVZDVWRVWXG\WKHDVVRFLDWLRQVEHWZHHQGLHWDU\LQWDNHRI
Q/&38)$VDQGHIIHFWVRQFRURQDU\RXWFRPHVLQKXPDQV(IIHFWVRIELRDFWLYH)$V
ZHUHDOVRVWXGLHGLQDQDQLPDOPRGHOWRJHWLQWRPRUHGHSWKDWWKHPHFKDQLVWLFOHYHO
)LUVWZHLQYHVWLJDWHGSRVVLEOHUHODWLRQVEHWZHHQGLHWDU\Q/&38)$VDQGFRURQDU\
HYHQWV LQ SDWLHQWV ZLWK HVWDEOLVKHG DQG ZHOOWUHDWHG &$' ZKR KDG UHODWLYHO\ KLJK
LQWDNHVRIILVKDQGQ/&38)$VXSSOHPHQWVZLWKRXWEHLQJDEOHWRUHYHDODQRYHUDOO
DVVRFLDWLRQEHWZHHQLQWDNHVDQGHYHQWVPaper 12QO\SDWLHQWVZLWKYHU\ORZLQWDNHV
VHHPHGWRKDYHDVOLJKWO\LQFUHDVHGULVNRIH[SHULHQFLQJDFRURQDU\HYHQW6HFRQGZH
DLPHGDWHOXFLGDWLQJSRVVLEOHHIIHFWVLQVXEJURXSVRIWKHRULJLQDOFRKRUWIURPPaper
1ZLWKDIRFXVRQSDWLHQWVZLWKRUZLWKRXWGLDEHWHVPHOOLWXVPaper 2:HUHYHDOHGD
UHGXFHG ULVN RI $0, LQ WKH XSSHU FRPSDUHG WR WKH ORZHU WHUWLOH RI Q /&38)$
LQWDNHVDPRQJSDWLHQWVZLWKGLDEHWHV2QWKHFRQWUDU\DKLJKLQWDNHRIQ/&38)$V
DPRQJ QRQGLDEHWLF SDWLHQWV ZLWK +E$F OHYHOV  ZDV DVVRFLDWHG ZLWK DQ
LQFUHDVHG ULVN RI IDWDO$0, DOWKRXJK WKH HYHQW UDWHZDV OLPLWHG LQ WKLV VXEJURXS
7KLUG VLQFH 38)$V DUH 33$5 DJRQLVWV DQG WKHUH KDYH EHHQPXFK UHFHQW IRFXV RQ
33$5 WDUJHWHG WKHUDS\ LQ UHODWLRQ WR &9' ZH VRXJKW WR GLVFRYHU WKH VSHFLILF
P\RFDUGLDOHIIHFWVLQDURGHQWPRGHOWRH[SORUHSRVVLEOHPHFKDQLVPVPaper 35DWV
ZHUH WUHDWHGZLWK WKHSDQ33$5DJRQLVW77$ KDYLQJDPDLQ HIIHFW RQ33$5ĮRU
KLJKGRVH )2 KDYLQJ HIIHFWV RQ ERWK 33$5Į DQG 33$5Ȗ ZKLFK DIWHU  ZHHNV
LQGXFHGPDUNHGFKDQJHVLQFDUGLDF38)$FRPSRVLWLRQUHVXOWLQJLQDFDUGLDFVSHFLILF
LQFUHDVH LQ Q /&38)$ OHYHOV $OVR FKDQJHV LQ HQ]\PH DFWLYLWLHV DQG JHQH
H[SUHVVLRQZKLFK FRXOG EH UHODWHG WR33$5HIIHFWV LQGLFDWHG DQ LQFUHDVHG FDUGLDF
)$R[LGDWLRQ
 
5.1 Dietary intake of Omega-3 fatty acids and coronary 
events
'LHWDU\ LQWDNH RI Q /&38)$V DQG WKHLU SURSRVHG EHQHILFLDO HIIHFWV RQ
FDUGLRYDVFXODUDQGFRURQDU\HYHQWVKDVEHHQDPDMRUIRFXVDPRQJERWKUHVHDUFKHUV
DQG ³FRPPRQ SHRSOH´ GXULQJ WKH UHFHQW GHFDGHV &RQIOLFWLQJ UHVXOWV KDYH EHHQ
UHSRUWHG DQG WKH HIIHFWV DUH XQGHU FRQWLQXRXV GHEDWH :H IRXQG QR DVVRFLDWLRQV
EHWZHHQ Q /&38)$ LQWDNH DQG FRURQDU\ HYHQWV RU PRUWDOLW\ LQ WKH WRWDO VWXG\
FRKRUWRISDWLHQWVZLWK&$'Paper 17KHPHDQLQWDNHRIQ/&38)$VZDV
JGD\DQGRQO\KDG LQWDNHVPJGD\7KHREVHUYHGWUHQGRIDQLQFUHDVHG
ULVN RI H[SHULHQFLQJ D FRURQDU\ HYHQW DPRQJ VXEMHFWV ZLWK DQ LQWDNH EHORZ
DSSUR[LPDWHO\ PJGD\ RI Q /&38)$V FRXOG LQGLFDWH WKDW SDWLHQWVZLWK YHU\
ORZ LQWDNHVRI WKHVH)$VPLJKWEHQHILW IURP LQFUHDVLQJ WKHLU ILVKRUQ/&38)$
VXSSOHPHQWDU\ LQWDNHV7KLV LV LQ OLQHZLWKSUHYLRXV ILQGLQJVGHPRQVWUDWLQJ UHGXFHG
FRURQDU\GHDWKDPRQJWKRVHFRQVXPLQJILVKRQFHRUWZLFHDZHHNFRPSDUHGWRWKRVH
ZKRUDUHO\HDWILVKDVREVHUYHGLQVRPHSURVSHFWLYHFRKRUWVWXGLHV>@
7KH FXUUHQW REVHUYDWLRQV RI DZHDN HIIHFW RI Q/&38)$V LQ SDWLHQWVZLWK VWDEOH
DQJLQD DUH FRQVLVWHQW ZLWK ILQGLQJV IURP VHYHUDO VWXGLHV DQG UHFHQW PHWDDQDO\VHV
KDYH FRQFOXGHG VLPLODUO\ >@ 2WKHU PHWDDQDO\VHV KDYH GHPRQVWUDWHG DQ
DVVRFLDWLRQ EHWZHHQ D KLJK GLHWDU\ LQWDNH RI Q /&38)$V DQG UHGXFHG ULVN RI
FDUGLRYDVFXODU GHDWK FDUGLDF GHDWK DOOFDXVH PRUWDOLW\ DQG FDUGLRYDVFXODU DQG
FRURQDU\ HYHQWV >@ DOWKRXJK WKH\ SDUWO\ LQFOXGHG WKH VDPH VWXGLHV DV WKH
PHWDDQDO\VHVUHSRUWLQJQRHIIHFWV,WDOOVHHPVWRGHSHQGRQWKHKHWHURJHQHLW\RIWKH
VWXG\SRSXODWLRQVWKHLQFOXVLRQFULWHULDRIWKHPHWDDQDO\VHVSRSXODWLRQGRVDJHDQG
IROORZXSWLPHWKHW\SHRIVWDWLVWLFDOPHWKRGVEHLQJXVHGDQGKRZUHVXOWVKDYHEHHQ
LQWHUSUHWHG$OWRJHWKHUEDVHGRQWKHODUJHQXPEHURIFRQIOLFWLQJUHSRUWVGLVFXVVLQJD
SURSRVHGHIIHFWRIGLHWDU\Q/&38)$V LW VHHPV WKDWQRFOHDUDVVRFLDWLRQVFDQEH
GUDZQIRUDZLGHKHWHURJHQHRXVSRSXODWLRQRISDWLHQWVZLWKRULQKLJKULVNRI&9'
7KHUHIRUHZHIXUWKHULQYHVWLJDWHGSRVVLEOHDVVRFLDWLRQVLQVSHFLILFVXEJURXSVZLWKLQ
WKH VWXG\ FRKRUW %DVHG RQ VWXGLHV LQ KHDUW IDLOXUH SDWLHQWV ZKHUH SURPLVLQJ

EHQHILFLDOHIIHFWVKDYHEHHQGHPRQVWUDWHG >@ZHDLPHGDW IRFXVLQJPRUH
VSHFLILFDOO\DWSDWLHQWVZLWKGLDEHWHVDQG$0,LQFLGHQFH
,Q VRPH SUHYLRXV LQYHVWLJDWLRQV D KLJK LQWDNH RI ILVK RU Q /&38)$V KDYH EHHQ
DVVRFLDWHG ZLWK D UHGXFHG ULVN RI QRQIDWDO $0, >@ $ VXEJURXS
DQDO\VLVRIWKHODUJHFOLQLFDOWULDO-(/,6FRQFOXGHGWKDWWKHUHZDVDQRYHUDOOLQFUHDVHG
ULVN RI H[SHULHQFLQJ DPDMRU FRURQDU\ HYHQW DPRQJ SDWLHQWVZLWK LPSDLUHG JOXFRVH
PHWDEROLVP FRPSDUHG WR QRUPRJO\FHPLF SDWLHQWV EXW WKDW WUHDWPHQW ZLWK (3$
VLJQLILFDQWO\ UHGXFHG WKH LQFUHDVHG HYHQW UDWH LQ WKRVH ZLWK LPSDLUHG JOXFRVH
PHWDEROLVP >@ 7KH DVVRFLDWLRQ EHWZHHQ D KLJK LQWDNH RI Q /&38)$V DQG
UHGXFHGULVNRILQFLGHQW$0,DPRQJSDWLHQWVZLWKGLDEHWHVDVUHYHDOHGLQWKHFXUUHQW
VWXG\ Paper 2 ZDV HVSHFLDOO\ SURQRXQFHG IRU IDWDO $0, HYHQWV 7KLVPD\ EH DQ
LPSRUWDQW ILQGLQJ UHODWHG WR VHFRQGDU\ WUHDWPHQW RI GLDEHWHV EHDULQJ LQ PLQG WKH
JHQHUDOO\ LQFUHDVHG ULVN RI FDUGLRYDVFXODU PRUWDOLW\ LQ WKLV SDWLHQW JURXS >@ 7KH
UHFHQW ODUJH UDQGRPL]HG FRQWUROOHG WULDO 25,*,1 LQ  SDWLHQWV ZLWK
G\VJO\FHPLD DQG DW KLJK ULVN IRU FDUGLRYDVFXODU HYHQWV ZDV XQDEOH WR UHYHDO DQ\
EHQHILFLDO HIIHFWV RI GDLO\ Q /&38)$ VXSSOHPHQWDWLRQ >@ %DVHOLQH GLHWDU\
LQWDNHRIQ/&38)$VDPRQJSDUWLFLSDQWVLQWKLVWULDOZDVRQO\DERXWPJGD\
ZKLFKZDVFRPSDUDEOHWRWKHLQWDNHLQWKHYHU\ORZHVWVSHFWUHRIRXUSRSXODWLRQ7KH
LQWHUYHQWLRQ JURXS UHFHLYHG  JGD\ RI Q /&38)$V ZKLOH LQWDNHV LQ WKH XSSHU
WHUWLOH LQ RXU GLDEHWHV JURXS KDG D PHDQ LQWDNH RI  JGD\ )XUWKHUPRUH
SDUWLFLSDQWV LQ 25,*,1 KDG DPHGLDQ+E$F RI  DQG IDVWLQJ SODVPD JOXFRVH
OHYHOVPPRO/,QWKHFXUUHQWVWXG\WKHGLDEHWHVJURXSKDGDPHGLDQ+E$FRI
 DQG WKH IDVWLQJ VHUXP JOXFRVH WKUHVKROG IRU GLDJQRVLQJ GLDEHWHV ZDV 
PPRO/ 1RWDEO\ WKHUH ZDV LQFUHDVHG PRUWDOLW\ DIWHU DJJUHVVLYH JOXFRVH ORZHULQJ
WUHDWPHQWLQDVWXG\DPRQJGLDEHWLFSDWLHQWVZLWKEDVHOLQHPHGLDQ+E$F>@
7KXV DQ RYHUDOO LQWHQVLYH JOXFRVH ORZHULQJ LQ 25,*,1PD\ DOVR KDYH LQIOXHQFHG
RXWFRPH IROORZLQJ Q /&38)$ VXSSOHPHQWDWLRQ %DVHG RQ RXU UHVXOWV
GHPRQVWUDWLQJQRHIIHFWLQWKHSUHGLDEHWHVJURXSRULQWKHVHSDUDWHDQDO\VHVZKHUHDOO
SDWLHQWV ZLWK +E$F  ZHUH JURXSHG WRJHWKHU ZLWK SDWLHQWV GLDJQRVHG ZLWK
GLDEHWHVZHVXJJHVWWKDWWKH25,*,1SDWLHQWVZHUHPRUHVLPLODUWRRXUSUHGLDEHWHV
 
SDWLHQWV7KHUHIRUHWKHUHVXOWVRIWKH25,*,1WULDOGRQRWVHHPWRLQWHUIHUHZLWKRXU
ILQGLQJV
$QRWKHUILQGLQJIURPWKHVXEJURXSDQDO\VLVLQWKHFXUUHQWVWXG\ZDVWKHVLJQLILFDQWO\
LQFUHDVHG ULVN RI H[SHULHQFLQJ D IDWDO $0, DPRQJ QRQGLDEHWLF SDWLHQWV ZLWK KLJK
LQWDNHVRIQ/&38)$V6LPLODUWRWKLVSURSRVHGQHJDWLYHHIIHFWLQWKHQRQGLDEHWLF
JURXS D UDQGRPL]HG FRQWUROOHG WULDO DPRQJ PDOH SDWLHQWV ZLWK DQJLQD SHFWRULV
UHYHDOHGDQLQFUHDVHGULVNRIFDUGLDFGHDWKDPRQJSDUWLFLSDQWVDGYLVHGWRHDWRLO\ILVK
RU )2 FDSVXOHV >@ 7KH\ ZHUH XQDEOH WR H[SODLQ WKH UHDVRQ IRU WKLV DGYHUVH
RXWFRPH 6LPLODUO\ LQ D FDQLQH PRGHO RI SRVW0, LVFKHPLD KLJKGRVH Q 38)$
VXSSOHPHQWDWLRQ ZDV DVVRFLDWHG ZLWK LQFLGHQW DUUK\WKPLDV LQ GRJV QRW RULJLQDOO\
YXOQHUDEOHWRLVFKHPLD>@
:KHQ VWXG\LQJ WKH WRWDO SDWLHQW FRKRUW Paper 1 QR FOHDU HIIHFWV ZHUH UHYHDOHG
UHODWHGWRGLHWDU\LQWDNHRIQ/&38)$V1RWDEO\RSSRVLQJHIIHFWVZHUHREVHUYHGLQ
VXEJURXSV RI WKLV FRKRUW Paper 2 $OWKRXJK WKH QXPEHU RI HYHQWV ZDV OLPLWHG
ZLWKLQ WKH VXEJURXSV WKH VXJJHVWHG DVVRFLDWLRQV KLJKOLJKWV WKH LPSRUWDQFH RI
DFNQRZOHGJLQJ SRWHQWLDO PRGLI\LQJ IDFWRUV ZKLFK FDQ SRVVLEO\ EH KLGGHQ LQ
KHWHURJHQHRXVFRKRUWV$QDO\VHVEDVHGRQVXESKHQRW\SHVPD\WKXVEHLPSRUWDQWIRU
IXWXUHSHUVRQDOL]HGQXWULWLRQ
5.2 Suggested mechanisms
:KHQ UHODWLQJ WKH URGHQW UHVXOWV WR KXPDQV RQH KDV WR FRQVLGHU WKH GLIIHUHQFHV
EHWZHHQWKHVSHFLHVLQFOXGLQJWKHH[WHQWRI33$5ĮH[SUHVVLRQZKLFKLVORZHUDPRQJ
KXPDQVWKDQGHPRQVWUDWHGLQUDWOLYHU$OVRWKHUHDUHPDMRUGLIIHUHQFHVLQOLSRSURWHLQ
PHWDEROLVPEHWZHHQ UDWV DQGKXPDQV >@+RZHYHU WKH URGHQWPRGHOSURYLGHGXV
ZLWK LQWHUHVWLQJ FOXHV DV D EDVLV WR H[SODLQ RXU ILQGLQJV DW D PHFKDQLVWLF OHYHO
HVSHFLDOO\ LQ WHUPV RI 33$5 PHGLDWHG HIIHFWV E\ )$V 77$ KDV EHHQ VKRZQ WR

UHVHPEOH WKH FRQVWLWXHQWV RI ILVK RLO (3$ DQG '+$ E\ H[HUWLQJ 33$5PHGLDWHG
HIIHFWVRQPLWRFKRQGULDOPHWDEROLVP>@
5.2.1 Changes in fatty acid metabolism 
5HVXOWV IURP RXU URGHQW VWXG\ Paper 3 LQGLFDWHG DQ LQGXFHG PLWRFKRQGULDO DQG
SHUR[LVRPDO FDUGLDF ȕR[LGDWLRQ IROORZLQJ 77$ WUHDWPHQW LQ DFFRUGDQFH ZLWK
ILQGLQJVIURPWZRSUHYLRXVVWXGLHVZKHUHDQLQFUHDVHGP\RFDUGLDO)$R[LGDWLRQZDV
DVVRFLDWHGZLWKUHGXFHGFDUGLDFHIILFLHQF\>@7KLVUHGXFHGHIILFLHQF\KDVEHHQ
VXJJHVWHG WR EH FDXVHG E\ DQ XQFRXSOLQJ RI JOXFRVH PHWDEROLVP ZLWK VXEVHTXHQW
DFLGRVLVDQG LVFKHPLD >@%DVHGRQ WKLV LQFUHDVH LQ)$R[LGDWLRQ77$KDVEHHQ
VXJJHVWHG WRKDYH DGLUHFW HIIHFW RQ FDUGLDF WUDQVFULSWLRQ >@ZKLFK LVPRVW OLNHO\
PHGLDWHG WKURXJK 33$5Į DFWLYDWLRQ VLQFH QR HIIHFW KDV EHHQ REVHUYHG LQ33$5Į
QXOO PLFH >@ )LQGLQJV DOVR VXJJHVWHG DQ LQFUHDVHG OLSRJHQHVLV DQG SKRVSKROLSLG
HVWHULILFDWLRQ EDVHG RQ LQFUHDVHG FDUGLDF DFWLYLWLHV RI )$6 >@ DV REVHUYHG DIWHU
77$WUHDWPHQWDQGRI*3$7>@DIWHUERWK77$DQG)2WUHDWPHQW%HLQJSRRUO\
R[LGL]DEOH)$VXEVWUDWHVFRPSDUHGWR6)$>@/&38)$VLQWKHIRUPRIDFWLYDWHG
DF\O&R$V ZLOO PRVW OLNHO\ EH GLYHUWHG WRZDUGV OLSLG V\QWKHVLV LQ WKH OLYHU >@
)XUWKHUPRUH/&38)$VDUH UHODWLYHO\SRRUVXEVWUDWHV IRU7*V\QWKHVLVDQGDUH WKXV
PDLQO\ LQFRUSRUDWHG LQWR WLVVXH SKRVSKROLSLGV >@ 7KLV FRXOG H[SODLQ ZK\ Q
38)$ OHYHOV LQFUHDVH LQ KHDUW DQG GHFUHDVH LQ OLYHU DQG SODVPD IROORZLQJ 77$
WUHDWPHQW$SUHYLRXVVWXG\GLGVKRZWKDW77$LQGXFHGDQRYHUDOOLQFUHDVHGKHSDWLF
R[LGDWLRQ RI(3$DQG'+$ FRQFOXGLQJ WKDW(3$PDLQO\ XQGHUZHQWPLWRFKRQGULDO
R[LGDWLRQZKLOH'+$R[LGDWLRQZDVH[FOXVLYHO\SHUR[LVRPDO>@
33$5Į DFWLYDWLRQ LVNQRZQ WR LQGXFHGHJUDGDWLRQRIPDORQ\O&R$ >@ DQDWXUDO
LQKLELWRURI&37, >@+RZHYHUZHREVHUYHGDGHFUHDVHGFDUGLDF&37,DFWLYLW\
DIWHU 77$ DGPLQLVWUDWLRQ ZKLFK KDYH DOVR SUHYLRXVO\ EHHQ VKRZQ LQ OLYHU >@
&HUWDLQFRQGLWLRQVFDQOHDGWRZDUGVDUHGXFHG)$R[LGDWLRQHIILFLHQF\ZKLFKPLJKW
EH WKH FDVH LQ 77$ WUHDWHG DQLPDOV HYHQ WKRXJK R[LGDWLRQ FDSDFLW\ LQ LWVHOI VHHPV
XSUHJXODWHG2QHSRVVLEOHH[SODQDWLRQFRXOGEHDFKDQJHLQFDUQLWLQHEDODQFHEHWZHHQ
 
WKH WLVVXHV DQG EORRG 5HFHQW VWXGLHV LQ URGHQWV DQG FHOO FXOWXUH VKRZ WKDW LQVXOLQ
UHVLVWDQFH OHDGV WR LQFUHDVHG OHYHOV RI DF\OFDUQLWLQH LQWHUPHGLDWHV LQ VHUXP DQG
PXVFOH GXH WR LQFRPSOHWH ȕR[LGDWLRQ >@:KHQ WLVVXHV KDYHGHFUHDVHG
DPRXQWV RI FDUQLWLQH WUDQVSRUW RI ORQJFKDLQ )$V DFURVV WKH PLWRFKRQGULDO
PHPEUDQHVZLOOEHLPSDLUHGZKLOHVKRUWHU)$VWKDWGRQRWGHSHQGRQ&37,ZLOOEH
FRPSOHWHO\R[LGL]HGLQWKHPLWRFKRQGULD>@
5.2.2 Diet-induced effects on fatty acid composition
7KHREVHUYHG)2LQGXFHGGHFUHDVHLQRYHUDOOFDUGLDFQ38)$LQWKHURGHQWVWXG\
Paper 3 FRXOG EH H[SODLQHG E\ GLHWDU\ Q /&38)$V GLUHFWLQJ )$ PHWDEROLVP
WRZDUGV WKH Q SDWKZD\ GXH WR FRPSHWLQJ HQ]\PHV LQ WKH Q DQG Q 38)$
SDWKZD\V>@7KLV)2HIIHFWZDVGLIIHUHQWIURPWKDWRI77$ZKHUH$5$ZDVWKH
RQO\ FDUGLDF Q 38)$ EHLQJ VLJQLILFDQWO\ GHFUHDVHG 6WLOO ERWK 77$ DQG )2
WUHDWPHQW LQGXFHG DQ LQFUHDVH LQ FDUGLDF (3$ DQG '+$ ,Q D SUHYLRXV VWXG\ WKH
33$5Į DJRQLVW:< LQGXFHG D UHSODFHPHQWRIQ38)$ZLWKQ38)$ LQ
P\RFDUGLDO SKRVSKROLSLGV RI LVRODWHG FDUGLRP\RF\WHV >@ DQG WKXV VKRZHG D
VRPHZKDW GLIIHUHQW HIIHFW IURP ERWK 77$ DQG )2 LQ WKH URGHQW PRGHO 7KH 77$
HIIHFW RQ Q /&38)$V ZDV SDUWLFXODUO\ SURQRXQFHG ZLWK DQ LQFUHDVH LQ FDUGLDF
'3$ ,Q FRQWUDVW FDUGLDF '3$ ZDV GHFUHDVHG DIWHU )2 WUHDWPHQW '3$ LV DQ
HORQJDWLRQSURGXFW RI(3$ZKLFKFRQVWLWXWHVRQO\ D IUDFWLRQRI WRWDO Q/&38)$
LQWDNH ZKHQ EDVHG RQ ILVK RU )2 LQWDNHV >@ 6HDO RLO DQGPHDW DUH QDWXUDO
VRXUFHVPRUHHQULFKHGLQ'3$>@(IIHFWVRQWKH/2;SDWKZD\KDVEHHQ
GHPRQVWUDWHGLQSODWHOHWVZHUH$5$ZDVVKXQWHGLQWRWKHSDWKZD\LQWKHSUHVHQFHRI
'3$ >@ 7KXV DQ DSSDUHQW OLQN H[LVWV EHWZHHQ $5$ DQG '3$ ZKLFK PLJKW
H[SODLQ SDUW RI WKH FDUGLDFVSHFLILF PHFKDQLVPV XQGHUO\LQJ GHFUHDVHG $5$ DQG
LQFUHDVHG'3$ DV H[HUWHG E\ 77$ ,PSRUWDQWO\'3$ LV QRW IRXQG WR EH DQ DFWLYH
OLJDQGIRU33$5Į>@DQGZLOOWKXVQRWLQLWVHOIH[HUW33$5HIIHFWV
,QDGGLWLRQWRLQFUHDVHGFDUGLDFQ/&38)$VGHFUHDVHGFDUGLDF$5$DQGGHFUHDVHG
KHSDWLF Q /&38)$V 77$ WUHDWPHQW ZDV DOVR DVVRFLDWHG ZLWK HOHYDWHG OHYHOV RI

0$ERWKLQKHDUWDQGOLYHUZKLFKFRXOGEHUHODWHGWRDQHVVHQWLDO)$GHILFLHQF\>@
:KHQ GLHWDU\ OHYHOV RI WKH HVVHQWLDO )$V /$ DQG $/$ DUH GHSOHWHG PHPEUDQH
IXQFWLRQDQGHLFRVDQRLGSURGXFWLRQLVPDLQWDLQHGWKURXJKDOWHUQDWLYHURXWHVGXHWRD
PHWDEROLF VZLWFK WKDW LQGXFHV WKH FRQYHUVLRQ RI 0$ IURP ROHLF DFLG Q
>@ 6LPLODU ILQGLQJV KDYH SUHYLRXVO\ EHHQ UHSRUWHG LQ DQLPDOV RQ D SDUWLDOO\
K\GURJHQDWHG )2 GLHW >@ RU DIWHU WUHDWPHQW ZLWK IHQRILEUDWH >@ DQGPD\ EH
FDXVHGE\H[FHVV33$5DFWLYDWLRQ7KHH[WHQVLYHLQFUHDVHLQKHSDWLF)$R[LGDWLRQDV
REVHUYHG DIWHU 77$ WUHDWPHQW >@ PD\ WKHRUHWLFDOO\ OHDG WR D UHGXFHG 9/'/
VHFUHWLRQ IURP WKH OLYHU $ FRQVHTXHQFH RI WKLV FRXOG EH WKDW HDVLO\ R[LGL]DEOH
VXEVWUDWHVIRUFDUGLDF)$R[LGDWLRQDUHOHVVDYDLODEOH
$OWRJHWKHU ZKHQ FRPSDULQJ WKH HIIHFWV RQ )$ FRPSRVLWLRQ LQ KHDUW DQG OLYHU DV
H[HUWHG E\ 77$ DQGRU )2 LQ Paper 3 WKHUH ZHUH RUJDQ VSHFLILF FKDQJHV DV
SUHYLRXVO\ PHQWLRQHG EXW DOVR RSSRVLWH HIIHFWV RI WKH WZR GLHWV ZHUH DSSDUHQW ,Q
OLYHUOHYHOVRI&WRWDO08)$VROHLFDFLGDQG0$ZHUHLQFUHDVHGE\77$EXW
GHFUHDVHGE\)2WUHDWPHQW+HSDWLFOHYHOVRIQ/&38)$VZHUHUHGXFHGDIWHU77$
DQG LQFUHDVHG DIWHU )2 WUHDWPHQW ,Q FDUGLDF WLVVXH OHYHOV RI 0$ DQG '3$ ZHUH
LQFUHDVHGE\77$EXWGHFUHDVHGE\)2WUHDWPHQW6LPLODUHIIHFWVZHUHWKHLQFUHDVHLQ
FDUGLDF Q /&38)$V DQG GHFUHDVH LQ Q 38)$V DV H[HUWHG E\ ERWK WUHDWPHQWV
1RWDEO\VWXG\LQJWKH)$FRPSRVLWLRQRIWKH77$DQG)2FRPELQDWLRQJURXSQHDUO\
DOOFDUGLDF38)$SDUDPHWHUVSRLQWHGLQWKHVDPHGLUHFWLRQVRPHPRUHSURQRXQFHG
DV ZDV VHHQ IRU )2 DORQH 7KLV VXJJHVWV WKDW SRVVLEOH QHJDWLYH HIIHFWV OLNH IRU
LQVWDQFH DQ LQFUHDVH LQ 0$ DIWHU 77$ DGPLQLVWUDWLRQ ZHUH GLPLQLVKHG XVLQJ WKH
FRPELQDWLRQ VXSSOHPHQWV (YHQ WKRXJK WKH 77$ FRQFHQWUDWLRQV LQ WKH IRRG ZHUH
HTXDOIRUERWKWKH77$JURXSDQGWKHFRPELQDWLRQJURXSWKHPHDVXUHGOHYHOVLQWKH
KHDUW GLIIHUHG EHWZHHQ WKH SXUH 77$ JURXS DQG WKH FRPELQDWLRQ JURXS 7KLV
GLIIHUHQFH FRXOG EH H[SODLQHG E\ HLWKHU D GHFUHDVHG XSWDNH WKURXJK WKH LQWHVWLQH D
FRPSHWLWLYHPHFKDQLVPGXULQJXSWDNHLQWRWKHKHDUWPXVFOHRUDQLQFUHDVHGFOHDUDQFH
WKURXJK WKH V\VWHP:H DOVRPHDVXUHG D KLJKHU DPRXQW RI77$ LQ WKH KHDUW WLVVXH
FRPSDUHGWROLYHUVXJJHVWLYHRIDQRUJDQVSHFLILFDFFXPXODWLRQRIWKHQRQR[LGL]DEOH
77$LQWKHKHDUW
 
$QLQFUHDVHGULVNRI$0,KDVSUHYLRXVO\EHHQDVVRFLDWHGZLWKLQFUHDVHGVHUXPOHYHOV
RISDOPLWLFDFLGDQGGHFUHDVHGOHYHOVRI38)$VLQSDUWLFXODU/$>@,Q
RXUSDWLHQW FRKRUW Paper 2ZHGHPRQVWUDWHG LQFUHDVHGVHUXP OHYHOVRI6)$VDQG
GHFUHDVHG OHYHOV RI Q 38)$V LQ SDWLHQWV ZLWK GLDEHWHV FRPSDUHG WR WKH RWKHU
SDWLHQWV LQ WKH FRKRUW7KHUHZDV KRZHYHU QRGLIIHUHQFH LQ VDWXUDWHGDQG trans IDW
LQWDNH EHWZHHQ WKH VXEJURXSV ,Q DGGLWLRQ GLDEHWHV SDWLHQWV KDG D ERUGHUOLQH
VLJQLILFDQWO\ KLJKHU LQWDNH RI WRWDO 38)$V 7KHUH ZDV QR GLIIHUHQFH LQ VHUXP Q
/&38)$OHYHOVEHWZHHQWKHVXEJURXSVLQWKHFRKRUWEXWLQWDNHVWHQGHGWREHKLJKHU
DPRQJSDWLHQWVZLWKGLDEHWHV'LDEHWHVLVDVVRFLDWHGZLWKKLJKOHYHOVRIQRQHVWHULILHG
)$V ZKLFK DUH SULPDULO\ XVHG LQ )$ R[LGDWLRQ >@ RU IRU 7* V\QWKHVLV >@
)XUWKHUPRUHDQH[FHVVGLHWDU\LQWDNHRIFDUERK\GUDWHVLQFUHDVHVde novoOLSRJHQHVLV
ZKLFK RYHU WLPH PD\ GHYHORS LQWR G\VOLSLGHPLD ZLWK D VKLIWHG EDODQFH LQ WKH
FLUFXODWLQJOLSRSURWHLQSDUWLFOHV>@%DVHGRQWKLVWKHREVHUYHGFKDQJHVLQVHUXP
OHYHOVRI6)$VDQG38)$VWKDWZHUHQRWDVVRFLDWHGWRWKHGLHWDU\LQWDNHGHPRQVWUDWH
WKDW VHUXP )$ FRPSRVLWLRQPDLQO\ UHIOHFWHG D G\VUHJXODWHGPHWDEROLVP LQ SDWLHQWV
ZLWKGLDEHWHV>@LQOLQHZLWKDSUREDEO\RYHUDOOUHGXFHG33$5DFWLYLW\
5.2.3 Mechanisms in relation to dietary omega-3 effects in humans 
2XURYHUDOOILQGLQJVGLGQRWUHYHDODFOHDUDVVRFLDWLRQEHWZHHQGLHWDU\Q/&38)$V
DQGRXWFRPH LQSDWLHQWVZLWK&$'EXW LQGLFDWHGDEHQHILFLDOHIIHFWDPRQJSDWLHQWV
ZLWK GLDEHWHV LQ OLQH ZLWK UHODWLRQV SUHYLRXVO\ VHHQ LQ SDWLHQWV ZLWK UHGXFHG
YHQWULFXODU IXQFWLRQ DQG KHDUW IDLOXUH >@ 2Q WKH FRQWUDU\ WKHUH VHHPHG WR EH D
GLVDGYDQWDJHRXVHIIHFWLQSDWLHQWVZLWKRXWGLDEHWHVDQG+E$FZKRKDGKLJK
LQWDNHV RI Q/&38)$V7KH33$5HIIHFWV GHPRQVWUDWHGXVLQJ WKH DQLPDOPRGHO
LQFOXGLQJGLIIHUHQFHVLQQ/&38)$OHYHOVLQKHDUWYVOLYHUPLJKWKHOSWRH[SODLQ
WKHXQGHUO\LQJPHFKDQLVPVRIWKHSURSRVHGFRQGLWLRQDOIDYRUDEOHXQIDYRUDEOHHIIHFWV
RIQ/&38)$V77$WUHDWPHQWKDVEHHQDVVRFLDWHGZLWKUHGXFHGFDUGLDFHIILFLHQF\
LQQRUPDOEXWQRWLQGLDEHWLFPLFH>@DQGPD\EHUHODWHGWRWKHREVHUYHGSRVVLEOH
HVVHQWLDO)$GHILFLHQF\LQWKHFXUUHQWVWXG\7KLVPD\LQVRPHZD\VEHLQSDUDOOHOWR

WKHSURSRVHGQHJDWLYHHIIHFWVREVHUYHGLQSDWLHQWVZLWKRXWGLDEHWHVDQGWKHEHQHILFLDO
HIIHFWV REVHUYHG LQ WKRVH ZLWK GLDEHWHV LQ UHODWLRQ WR LQWDNH RI Q /&38)$
$OWKRXJKFLUFXODWLQJOHYHOVRIQ/&38)$VDUHXVXDOO\GLUHFWO\DVVRFLDWHGZLWKWKH
GLHWDU\LQWDNH>@RXUUHVXOWVLQGLFDWHWKDWVHUXPDQGWLVVXHOHYHOVSUREDEO\GHSHQGV
WRDODUJHH[WHQWRQin vivoPHWDEROLVPGXULQJGLVHDVHRUPHWDEROLFFKDQJHVLQGXFHG
E\ELRDFWLYH)$V,QOLQHZLWKRXUILQGLQJVZKLFKZHSURSRVHWREHPDLQO\UHODWHGWR
33$5 HIIHFWV D UHFHQW WUDQVFULSWRPLFV DQDO\VLV UHYHDOHG HIIHFWV RI GLHWDU\ )$V RQ
FDUGLDF JHQH H[SUHVVLRQ VXJJHVWLQJ 33$5Į DV DQ LPSRUWDQWPHGLDWRU >@ 6LQFH
33$5ĮDFWLYDWLRQUHVXOWVLQPRUHSURQRXQFHGHIIHFWVLQURGHQWVFRPSDUHGWRKXPDQV
>@LW LVGLIILFXOWWRGUDZGLUHFWDVVRFLDWLRQVEHWZHHQURGHQWDQGKXPDQVWXGLHV
+RZHYHUPHFKDQLVPVUHYHDOHGLQDQLPDOVDUHYHU\LPSRUWDQWWRROVWREHDEOHWRUHDFK
WR WKH QH[W VWHS LQ KXPDQ VWXGLHV ZKHQ H[SORULQJ WKH FDXVDO IDFWRUV RI ULVN
DVVRFLDWLRQV
$V SUHYLRXVO\PHQWLRQHG 33$5V DUH NH\ UHJXODWRUV RI LQWHUDFWLRQV EHWZHHQ JHQHV
DQG HQYLURQPHQWDO IDFWRUV OLNH GLHW >@ 7R GHPRQVWUDWH KRZ KXPDQ JHQHWLFV FDQ
DIIHFW FKDQJHV LQ OLSLG PHWDEROLVP D SRO\PRUSKLVP LQPPARα /9 KDV EHHQ
DVVRFLDWHGZLWKLQFUHDVHGSODVPDOHYHOVRIWRWDOFKROHVWHURO/'/FKROHVWHURO$SR%
+'/FKROHVWHURO$SR$,DQGDSROLSRSURWHLQ&,,,$SR&,,,>@7KHUHDUH
LQGLFDWLRQV WKDW SHUVRQV KDYLQJ WKLV SRO\PRUSKLVPPLJKW KDYH DQ LQFUHDVHG ULVN RI
GHYHORSLQJ VRPH RI WKH FRPSRQHQWV FRPSULVLQJ WKH PHWDEROLF V\QGURPH >@
)XUWKHUPRUH DOOHOLFYDULDELOLW\ VHHPV WRSDUWO\ H[SODLQGLIIHUHQW LQGLYLGXDO UHVSRQVH
RQ VLPLODU GLHWV >@ DQG D VLJQLILFDQW LQWHUDFWLRQ EHWZHHQ WKH PPARα /9
SRO\PRUSKLVP DQG GLHWDU\ 38)$ LQWDNH KDV EHHQ GHWHFWHG LQIOXHQFLQJ OLSLG
PHWDEROLVP>@7KXVGLHWDU\LQWDNHRI38)$VDQGLWVRXWFRPHLVSUREDEO\SDUWO\
GHSHQGHQWRQJHQHWLFSUHGLVSRVLWLRQ>@
,QWKHFXUUHQWVWXG\WKHREVHUYHGULVNDVVRFLDWLRQEHWZHHQDKLJKQ/&38)$LQWDNH
DQGIDWDO$0,ZDVDOVRUHODWHGWRORZHU+E$FOHYHOVLQWKHQRQGLDEHWLFVXEJURXS
2QHFRXOGSURSRVHWKDW33$5ȖDFWLYLW\PLJKWEHLQGXFHGLQSDWLHQWVZLWKRYHUDOOORZ
+E$FOHYHOVGXHWRLWVDVVRFLDWLRQZLWKLPSURYHGLQVXOLQVHQVLWLYLW\>@,QUHODWLRQ
 
WR WKH FXUUHQW ILQGLQJV D KLJK LQWDNH RI Q /&38)$V PLJKW EH XQIDYRXUDEOH LQ
VXEMHFWV KDYLQJ D SKHQRW\SH ZLWK DQ DOUHDG\ KLJK 33$5Ȗ DFWLYLW\ SURSRVLQJ D
PHWDEROLFLPEDODQFHEHWZHHQWKH33$5VXEW\SHV6XFKLPEDODQFHZRXOGEHH[SHFWHG
WREHSDUWLFXODUO\KLJKLQSDWLHQWVZLWKORZ33$5ĮDFWLYLW\
2Q WKH RWKHU KDQG 33$5Ȗ DFWLYLW\ ZRXOG EH H[SHFWHG WR EH ORZ LQ SDWLHQWV ZLWK
LQVXOLQ UHVLVWDQFH DQG GLDEHWHV )XUWKHUPRUH K\SHUWULJO\FHULGHPLD DUH JHQHUDOO\
DVVRFLDWHG ZLWK GLDEHWHV >@ DQG EDVHG RQ WKH 7* ORZHULQJ HIIHFW RI 33$5Į
DFWLYDWLRQKLJKOHYHOVRIVHUXP7*VPLJKWEHDUHVSRQVHWRUHGXFHGKHSDWLF33$5Į
DFWLYLW\ >@ 'LDEHWHV KDV DGGLWLRQDOO\ EHHQ OLQNHG WR PLWRFKRQGULDO G\VIXQFWLRQ
>@ZKLFKPLJKW DOVR EH UHODWHG WR LPSDLUHG 33$5 DFWLYLW\ 33$5Į LV WKHPDLQ
GULYHURIPLWRFKRQGULDOȕR[LGDWLRQ>@7KXVEHFDXVHQ/&38)$VDUHSRWHQWLDO
GXDO 33$5Į  33$5Ȗ DJRQLVWV >@ RQH FDQ VXJJHVW WKDW WKH EHQHILFLDO HIIHFW LQ
GLDEHWLFSDWLHQWVPD\EHSDUWLFXODUO\SURQRXQFHG LQSDWLHQWVZLWKRYHUDOO ORZ33$5
DFWLYLW\
'LHQR\O&R$ UHGXFWDVH Decr QXOO PXWDQW PLFH DUH XQDEOH WR FDWDEROL]H 38)$V
GXULQJPLWRFKRQGULDOȕR[LGDWLRQ OHDGLQJ WR DQ DFFXPXODWLRQ LQ WKH WLVVXHV'XULQJ
IDVWLQJWKHH[SUHVVLRQRIJOXFRQHRJHQLFJHQHVLVLQKLELWHGLQWKHVHDQLPDOVOHDGLQJWR
K\SRJO\FHPLD >@ ,Q IDVWHG 33$5Į  PLFH WKHUH LV DOVR D FRQQHFWLRQ EHWZHHQ
K\SRJO\FHPLD DQG DFFXPXODWLRQ RI 7*V LQ ERWK OLYHU DQG KHDUW WLVVXH >@ 7KXV
SHUVRQV ZLWK LGLRSDWKLF K\SRJO\FHPLD FRXOG K\SRWKHWLFDOO\ KDYH D GHIHFW 38)$
FDWDEROLVPPDNLQJLWGLVDGYDQWDJHRXVWRLQFUHDVH38)$LQWDNH7KHLQFUHDVHGULVNRI
IDWDO$0,ZKLFKZDVDVVRFLDWHGZLWKDKLJKQ/&38)$LQWDNHDQGDORZHU+E$F
LQ SDWLHQWV ZLWKRXW GLDEHWHV PLJKW WKXV DOVR EH UHODWHG WR WKH DERYH PHQWLRQHG
PHFKDQLVPV7DNHQWRJHWKHUWKHVHILQGLQJVVXJJHVWWKDWWKHUHLVDUHYHUVHUHODWLRQVKLS
EHWZHHQ38)$VDQGEORRGJOXFRVHLQIDVWHGLQGLYLGXDOV
$OWRJHWKHU IXUWKHU VWXGLHV DUH QHHGHG WR HOXFLGDWH WKH FRPSOH[PHFKDQLVPVEHKLQG
WKHREVHUYHGDVVRFLDWLRQV+RZHYHUFRQFHUQLQJWKHORZQXPEHURIHYHQWVZLWKLQWKH
VXEJURXSV WRJHWKHU ZLWK WKH REVHUYDWLRQDO VWXG\ GHVLJQ WKH GDWD VKRXOG EH
LQWHUSUHWHG ZLWK FDXWLRQ 7KH SURSRVHG EHQHILFLDO HIIHFW DPRQJ GLDEHWHV SDWLHQWV

VKRXOG SUHIHUDEO\ EH YDOLGDWHG LQ UDQGRPL]HG FRQWUROOHG WULDOV 7KH DVVRFLDWLRQV
VKRZQ LQ WKH QRQGLDEHWLF VXEJURXS VHHQ WRJHWKHUZLWK WKH XQFHUWDLQ RXWFRPHV LQ
SUHYLRXV VWXGLHV DUJXH DJDLQVW WKH XVH RI KLJKGRVH Q /&38)$ LQ VHFRQGDU\
SUHYHQWLRQRI&$'DPRQJSDWLHQWVZLWKRXWGLDEHWHV'XHWRWKHHWKLFDOFRQVLGHUDWLRQV
E\ SHUIRUPLQJ UDQGRPL]HG FOLQLFDO WULDOV LQYHVWLJDWLQJ SURSRVHG QHJDWLYH HIIHFWV
UHVXOWV LQ WKLV VXEJURXS RI SDWLHQWVZLWK+E$F OHYHOV  VKRXOG SULPDULO\ EH
YHULILHGE\RWKHUREVHUYDWLRQDOVWXGLHVE\UHDQDO\VHVRISULRUUDQGRPL]HGVWXGLHVDV
ZHOO DVE\PHFKDQLVWLF VWXGLHV7KHFOLQLFDOEHQHILWVRIQ/&38)$V LQ VHFRQGDU\
SUHYHQWLRQ RI &$' DUH FRQWLQXRXVO\ GHEDWHG ,I WKH FXUUHQW UHVXOWV VXJJHVWLQJ
GLIIHUHQW HIIHFWV LQ VXEJURXSVRIKHWHURJHQHRXVSRSXODWLRQVDUHYDOLGDWHGE\ IXWXUH
VWXGLHV LW PLJKW EH WLPH IRU D UHDVVHVVPHQW RI WKH FXUUHQW GLHWDU\ DGYLFHV RQ Q
/&38)$ VXSSOHPHQWDWLRQ >@ %DVHG RQ RXU UHVXOWV DQG LQ OLJKW RI WKH RSSRVLQJ
UHVXOWVDQGFRQFOXVLRQVIURPRWKHUVWXGLHV WKHUHLVVWLOOQRUHFLSHRQDQRSWLPDOGLHW
IRUSDWLHQWVZLWK&$'DVDZKROH7KHGLHWDU\DGYLFHVRIWKHIXWXUHVKRXOGSUREDEO\
EHJLYHQWRHDFKLQGLYLGXDOEDVHGRQJHQHWLFVDQGGLVHDVHVWDWXVDQGFRQVLGHUHGLQWKH
FRQWH[WRIUHOHYDQWELRPDUNHUVDQGSKHQRW\SHV
 
6. Conclusions
,QWKHWRWDOFRKRUWRISDWLHQWVZLWKZHOOWUHDWHG&$'DQGZLWKDUHODWLYHO\KLJKGLHWDU\
LQWDNHRIQ/&38)$VZHREVHUYHGQRVLJQLILFDQWDVVRFLDWLRQEHWZHHQLQWDNHRIQ
/&38)$VRUILVKDQGULVNRIFRURQDU\HYHQWVRUPRUWDOLW\$IWHUVXEJURXSDQDO\VLVD
KLJKLQWDNHRIQ/&38)$VZDVDVVRFLDWHGZLWKDVLJQLILFDQWO\UHGXFHGULVNRI$0,
LQ SDUWLFLSDQWV ZLWK GLDEHWHV EXW ZLWK DQ LQFUHDVHG ULVN RI IDWDO $0, DPRQJ QRQ
GLDEHWLFSDUWLFLSDQWVZLWK+E$FOHYHOV
,QUDWVORQJWHUPDGPLQLVWUDWLRQRIWKHSDQ33$5DJRQLVW77$RUKLJKGRVH)2ZHUH
DVVRFLDWHGZLWKGLVWLQFWHIIHFWVRQOLSLGPHWDEROLVPLQWKHKHDUWGLIIHUHQWIURPOLYHU
)$ FRPSRVLWLRQ ZDV FKDQJHG LQFOXGLQJ DQ LQFUHDVH LQ Q /&38)$ LQ UDW KHDUW
PXVFOH )XUWKHUPRUH FDUGLDF PLWRFKRQGULDO DQG SHUR[LVRPDO )$ R[LGDWLRQ ZDV
DIIHFWHG DV GHPRQVWUDWHG WKURXJK FKDQJHV LQ NH\ HQ]\PH DFWLYLWLHV DQG JHQH
H[SUHVVLRQ


7. Future perspectives
,Q JHQHUDO , EHOLHYH WKDW JRRG KHDOWK LV DFKLHYHG E\ FRQVXPLQJ D EDODQFHG GLHW LQ
SRUWLRQVDGMXVWHGWRHDFKLQGLYLGXDOQHHGV,IRQHDGGVUHJXODUH[HUFLVHRQWRSRIWKLV
PRVWRIWKHZRUNLVGRQHDQGWKHQHHGIRUVXSSOHPHQWVLVOLPLWHG:LWKWKHLQFUHDVHG
IRFXV RQ GLHWDU\ LQWDNH RI Q /&38)$ QRZDGD\V RQH PXVW EHDU LQ PLQG WKDW
EDODQFHVKRXOGUHPDLQDVDNH\ZRUGLQDJRRGDQGKHDOWK\GLHW
7KHUHVXOWVSUHVHQWHGLQWKLVWKHVLVEULQJRXWWKHLPSRUWDQFHRIWDNLQJHYHU\IDFWRULQWR
DFFRXQW EHIRUH JHQHUDO DGYLFH DQG UHFRPPHQGDWLRQV UHJDUGLQJ WKH XVH RI GLHWDU\
VXSSOHPHQWVDUHJLYHQ2XUUHVXOWVGHPRQVWUDWHWKDWGLIIHUHQWSKHQRW\SHVPD\UHTXLUH
LQGLYLGXDO WUHDWPHQW DQG IROORZXS &XUUHQW ZRUN LQ RXU JURXS DOVR UHYHDOV VWURQJ
JHQHWLF UHODWLRQV WR GLHW DQG OLIHVW\OH /DUJHVFDOH VWXGLHV WDUJHWHG DJDLQVW WKH
DSSURSULDWHSRSXODWLRQVDUHQHHGHGDQGQHZELRORJLFDOPDUNHUVVKRXOGEHHVWDEOLVKHG
%HLQJWKHFDUGLDFSULPDU\WUDQVFULSWLRQUHJXODWRU33$5ĮLVDQHVVHQWLDO)$R[LGDWLRQ
GHWHUPLQDQW LQ WKH KHDUW >@ $ UHGXFHG FDUGLDF 33$5 DFWLYDWLRQ GXH WR LPSDLUHG
OLSRO\VLV RI 7*V FRXOG OHDG WR DQ DFFXPXODWLRQ RI QHXWUDO OLSLGV DQG WKXV DIIHFW
PLWRFKRQGULDO IXQFWLRQ >@ %DVHG RQ WKLV ELRPDUNHUV IRU WKH SURSRVHG 33$5
LPEDODQFHVKRXOGEHHVWDEOLVKHG7KHDF\OFDUQLWLQHVDQGWKHLUPHWDEROLWHVZKLFKKROG
SRVVLEOHSDWKRSK\VLRORJLFDOPHFKDQLVPV UHODWHG WR LPSDLUHGPLWRFKRQGULDO IXQFWLRQ
DUHDPRQJWKHPDUNHUVZHZLOOKDYHIXUWKHUIRFXVRQLQWHUPVRI$0,DQGPRUWDOLW\
,PSDLUHG PLWRFKRQGULDO IXQFWLRQ KDV EHHQ GHPRQVWUDWHG LQ SDWLHQWV ZLWK REHVLW\
UHODWHGGLVHDVHV>@DQGWKHUHKDVUHFHQWO\EHHQDVSHFLDODWWHQWLRQWRG\VUHJXODWLRQ
RI )$ R[LGDWLRQ ,Q WKLV FRQWH[W UHFHQW VWXGLHV KDYH DLPHG WRZDUGV WKH XVH RI
DF\OFDUQLWLQH SURILOLQJ DV D QHZ DSSURDFK WR HYDOXDWH FKURQLFPHWDEROLF FRQGLWLRQV
>@ (OHYDWHG IDVWLQJ YDOXHV RI VKRUW PHGLXP DQG ORQJ FDUERQFKDLQ
DF\OFDUQLWLQHVKDYHEHHQREVHUYHGLQREHVHRU W\SHGLDEHWLFLQGLYLGXDOV>@DQG
UHFHQW VWXGLHV LQ URGHQWV DQG FHOO FXOWXUH VKRZHG WKDW LQVXOLQ UHVLVWDQFH OHDG WR
 
LQFUHDVHG OHYHOV RI DF\OFDUQLWLQH LQWHUPHGLDWHV LQ VHUXP DQG PXVFOH GXH WR
LQFRPSOHWHȕR[LGDWLRQ>@
7KH LQGLFDWHGDVVRFLDWLRQEHWZHHQ ORZ+E$FDKLJKLQWDNHRIQ/&38)$VDQG
LQFUHDVHGULVNRIIDWDO$0,DPRQJQRQGLDEHWLFV LQFRQQHFWLRQZLWKPaper 2SDYHV
WKHZD\ IRU LQYHVWLJDWLQJ WKLVDVVRFLDWLRQ LQPRUHGHSWK >@7KLV ULVNDVVRFLDWLRQ
PLJKWEHUHODWHGWRWKHDGYHUVHHIIHFWVRIK\SRJO\FHPLD,QVXSSRUWRIWKLVDSUHYLRXV
FRPPXQLW\EDVHGSURVSHFWLYHFRKRUWVWXG\GHPRQVWUDWHGDVLJQLILFDQWO\LQFUHDVHGULVN
RI DOOFDXVHPRUWDOLW\ LQ QRQGLDEHWLF LQGLYLGXDOVZLWK+E$F >@$ OLQN
KDVEHHQGHPRQVWUDWHGEHWZHHQK\SRJO\FHPLDHQGRWKHOLDOG\VIXQFWLRQDQGLQFUHDVHG
R[LGDWLYHVWUHVV>@ZKLFKFRXOGSURGXFHDFHUWDLQPHWDEROLFSURILOH$FFRUGLQJO\
KLJKGRVH)2VXSSOHPHQWDWLRQKDVDOVREHHQDVVRFLDWHGZLWKDQ LQFUHDVHGR[LGDWLYH
GDPDJHLQUDWV>@6LQFH+E$FDQGHQGSRLQWGDWDLVDYDLODEOHRQDPRUHH[WHQGHG
SRSXODWLRQWKDQWKHRQHXVHGIRUGLHWDU\GDWDWKLVZLOOEHVXEMHFWIRUDVHSDUDWHVWXG\
)XUWKHUPRUHPHFKDQLVPVXQGHUO\LQJH[FHVV33$5DFWLYDWLRQVKRXOGEHH[SORUHGLQWR
PRUHGHSWKVLQFHWKLVPLJKWSURYLGHDQH[SODQDWLRQZK\Q/&38)$VXSSOHPHQWV
VHHP WR JLYH IDYRUDEOH HIIHFWV RQO\ XQGHU FHUWDLQ FRQGLWLRQV ,W LV DOVR QRWDEOH WKDW
33$5Į DQG LWV DJRQLVWV KROG LPSRUWDQW SURSHUWLHV EH\RQG )$ DQG JOXFRVH
PHWDEROLVP OLNH HIIHFWV RQ DPLQR DFLG PHWDEROLVP >@ ZKLFK PDNHV LW
LPSRUWDQW WR GR PRUH H[WHQVLYH LQYHVWLJDWLRQV RI 33$5 VWLPXODWLRQ DQG FDUGLDF
PHWDEROLVP 0DLQ IRFXV ZLOO EH RQ 33$5 UHODWHG PDUNHUV LQ UHVSRQVH WR YDULRXV
GLHWDU\ IDWV 7R HOXFLGDWH WKH VSHFLILF PHFKDQLVPV LQ KXPDQV IXUWKHU VWXGLHV LQ
KXPDQ FHOOV DQG LQ DQLPDOV WKDW DUH PRUH SK\VLRORJLFDO VLPLODU WR KXPDQV DUH
SUREDEO\ QHFHVVDU\ 33$5Į DFWLYDWLRQ LV REVHUYHG GXULQJ IDVWLQJ DFWLYDWHG E\
DGLSRVHGHULYHG )$V DQG KDV EHHQ VKRZQ WR SOD\ DQ LPSRUWDQW UROH LQ FDUQLWLQH
PHWDEROLVP LQ PLFH >@ ZLWK DQ LQFUHDVHG KHSDWLF FDUQLWLQH V\QWKHVLV DIWHU
33$5ĮDFWLYDWLRQ>@+RZHYHUQRVXFKDVVRFLDWLRQKDV\HWEHHQGHVFULEHGLQ
KXPDQV2QHJURXSKDVGHPRQVWUDWHGDQLQFUHDVHGFDUQLWLQHV\QWKHVLVDQGXSWDNHDVD
UHVXOWRIIDVWLQJLQSLJV>@6LQFHSLJVDUHLQJHQHUDOVXLWDEOHPRGHOVIRUKXPDQVLW
LVQRWXQOLNHO\WKDWKXPDQVFRXOGKDYHDVLPLODUUHVSRQVHXSRQ33$5ĮDFWLYDWLRQ

7KH XOWLPDWH DLP ZLOO EH WR UHYHDO ELRPDUNHUV WKDW FDQ EH XWLOL]HG WR LGHQWLI\ DQG
RXWOLQHSHUVRQVSHFLILFGLHWDU\UHFRPPHQGDWLRQV




 
Source of data

5RJHU9/*R$6/OR\G-RQHV'0%HQMDPLQ(-%HUU\-'%RUGHQ:%%UDYDWD'0
'DL6)RUG(6)R[&6)XOOHUWRQ+-*LOOHVSLH&+DLOSHUQ60+HLW-$+RZDUG
9-.LVVHOD%0.LWWQHU6-/DFNODQG'7/LFKWPDQ-+/LVDEHWK/'0DNXF'0
0DUFXV *0 0DUHOOL $ 0DWFKDU '% 0R\ &6 0R]DIIDULDQ ' 0XVVROLQR 0(
1LFKRO*3D\QWHU136ROLPDQ(=6RUOLH3'6RWRRGHKQLD17XUDQ719LUDQL66
:RQJ 1' :RR ' 7XUQHU 0%  +HDUW GLVHDVH DQG VWURNH VWDWLVWLFV
XSGDWHDUHSRUWIURPWKH$PHULFDQ+HDUW$VVRFLDWLRQCirculation-DQH
H
0F$XOH\3$%ODLU61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2EHVLW\SDUDGR[HVJ Sports Sci0D\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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D
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
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
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3URJUDP 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 ([SHUW 3DQHO RQ 'HWHFWLRQ (YDOXDWLRQ $QG 7UHDWPHQW RI +LJK
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
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